SUBACUTE AND CHRONIC ORAL TOXICITY TESTS OF FOOD ADDITIVES 


(Adapted from FDA Program) 
SUBACUTE CHRONIC 
Rats Dogs Rats Dogs 
NUMBER OF ANIMALS (Minimum) 
Total 120 16 200 24 
Per group 10 Males 2 Males 25 Males 3 Males 
10 Females 2 Females 25 Females 3 Females 
| NUMBER OF GROUPS 
Test (dosage levels) 5 3 3 3 
Control 1 ] ] ] 
DURATION OF TEST PERIOD 3 mo. 3 mo. 2 yr. 2 yr. 


2. The biological activity of the compound. 
3. An estimate of the ‘’no effect’’ dosage. 


2. A toxic level. 


OBSERVATIONS 
General Growth, food utilization, appearance, behavior. Clinical and biochemical tests as indicated 
| Mortality. Autopsies, organ weights, gross pathology. Microscopic pathology. | 
Special Metabolic tests as indicated. Reproduction and Metabolic tests as in- 
lactation studies. dicated. 
EVALUATION 
The study shall establish: 1. A maximum tolerated dosage. 1. A “‘no effect’’ level. 
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A recently developed vegetable A recent contribution of the Alva Flavors Laboratories. 
extraction provides a fullness and Not the usual vanillin-type of imitation flavor, Alvan 
roundness comparable to the finest achieves a full-bodied taste at an economical price for every 
pure bourbon vanilla extract in vanilla flavored food. 

Test this unusual new basic flavor! Production samples at 


your request along with suggested use recommendations. 
ly an Alvan is available in strengths comparable to 
1X, 2X, 4X, 6X, 8X, and 10X pure vanilla extracts. 


Alvan 4 fold is priced at $7.50 per gal (24 gals) 


van Ameringen-Haebler 


A DIVISION OF INTERNATIONAL FLAVORS & FRAGRANCES INC, twa 


521 West 57th Street, New York 19, New York gPVOn, 


._ LEADING CREATORS AND MANUFACTURERS IN THE WORLD OF FLAVOR 
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Two New Mettler Analytical Balances 


TOP WEIGHING SPEED AND 
ACCURACY AT NEW LOW PRICES 


e Increased Optical Range 
e Priced Below All Comparable Balances 
e Full Sensitivity Under All Loads 
e Patented Ring-Weights Exceed NBS Class S Tolerances 
e Patented Air-Damping Unaffected by Pressure Changes 
e Plastic Housing Insulates Against 

Temperature Variations 
Two high-speed analytical balances have been added to 
the versatile Mettler “Multi-Purpose” line. They have the 
speed and accuracy of Mettler’s other world-famous an- 
alytical balances . . . at prices $100 and more below any 
comparable balance. 

The H-15 Macro Balance has a capacity of 160 grams 
and an accuracy of +0.05 mg in differential weighings 
on the optical scale. It is $125 less than the older Mettler 
B-5. The H-16 Semi-Micro model takes loads up to 80 
grams and has +.002-mg accuracy in the optical range. 


It is $100 less than the comparable Model B-6. 


Both balances have an optical range of 200 mg... 
almost double that of the ““B” balances. This means that 
more weighings can be made entirely on the optical scale, 
at maximum accuracy and speed. Ten to twenty seconds 
is ample; loads up to the full capacity of the balance can 
be “‘dialed”’ in thirty seconds. 

Like all Mettler balances, the H-15 and H-16 are de- 
signed for substitution weighing under constant load... 
hence, at constant sensitivity. Their single beam-arm elimi- 
nates the inherent lever error of double-pan balances. Two 
sapphire knife-edges, instead of the usual three, reduce 
bearing errors. Patented ring-weights and air-damping 
reduce other sources of weighing errors. The molded 
plastic housing insulates against temperature changes. 

There is now a Mettler Type H balance for nearly every 
laboratory application, priced in proportion to their in- 
creasing accuracy. Write today for a booklet describing 
the design and performance of all five balances in this 
versatile series: 141 Fisher Building, Pittsburgh 19, Pa. 

B-108 


FISHER SCIENTIFIC 


America’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A, Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 


Charleston, W.Va. 


New York Washington Toronto 
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IMITATION RASPBERRY BY FIRMENICH 


You get the direct and authentic reproduction of raspberries in their full 

perfection in Raspberry Flavor by Firmenich. For Firmenich took fully ripe 

raspberries, freshly severed from the stem, captured their delicate and fugitive flavor, 

and by original research reconstructed it with all its significant and desirable components. 
Firmenich Raspberry comes to you as a precise and potent flavor material 

of the utmost purity and stability to enhance the flavor of your products and 

to give them greater sales appeal. Samples and technical data on request. 


FIRMENI H 6 CIE 


CHUIT, NAEF 6 CIE 


FIRMENICH INCORPORATED 


250 WEST 18TH STREET. NEW YORK 11 


FIRMENICH OF CANADA, LIMITED, 

348 WALLACE AVENUE, TORONTO 
CHICAGO OF FICE: 612 NORTH MICHIGAN AVENUE 
LOS ANGELES, 1756 MALCOLM AVENUE 
GENEVA PARIS LONDON 
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IN THIS ISSUE— 


Dietary requirements Protein 


Dietary protein requirements and problems of supplemen- 
tation. James B. Allison, R. W. Wannemacher, Jr., E. 


Middleton, and T. Spoerlein. 


Protein requirements and problems involving supplementa- 
tion are discussed, The need to supply to the body adequate 
nitrogen for growth and maintenance, with sufficient of the 
indispensable amino neids in proper proportion for cellular 
protein synthesis, is emphasized. The average American 
diet meets this need. A good argument, however, can be 
made for the improvement of single items in the American 
diet which may be major constituents or may become major 
constituents periodically in the diet of individuals. Such an 
improvement should take into consideration the need for an 
over-all balanced diet. Data are presented to show that 
simply improving the amino acid pattern without adjusting 
the protein intake to meet requirements would not be nu- 
tritionally adequate. Furthermore, the protein requirement 
should be related to the calorie intake and balanee between 
carbohydrate and fat calories. Energy needs of the body 
receive first consideration in metabolism. Any deficiency in 
calories results in the oxidation of amino acids to supply 
energy. The body is thus deprived of these building blocks 
for cellular protein synthesis. Food technologists and nu- 
tritionists should give consideration to the establishment of 
proper balance between calories aud proteins in certain 
basic foodstuffs. Balanced foods should be provided for all 
ages. A good working rule might be that dietary con- 
stituents should be developed that will make it diffieult to 
provide an unbalanced diet to the family. A balanced diet 
is one that has an efficient protein in proper amounts, 
carbohydrate and fat calories, minerals, essential fatty 
acids, the vitamins—all in optimum proportions. (See 


page 597). 


Food legislation Additives 


Food Additives Symposium. Two articles plus a brief com- 
mentary on the Symposium by the chairman, Dr. J. F. 
Mahoney, are presented. The article by Dr. Arthur A. 
Cheechi, FDA, covers the basie requirements and pro- 
visions of the Food Additives Amendment of 1958, the 
procedures that must be followed to obtain authorization 
for use of a food additive, and problems in clearing sub- 
stances under the stipulations of the Amendment. Dr. Oser, 
author of the second article, calls attention to the fact that 
the concern of the industry during the current year is being 
directed toward the status of the so-called “old” additives 
(additives in use) and that only a handful of petitions for 
new additives have been filed. With respect to “old” addi- 
tives, the mandatory provisions of the Amendment become 
effective on March 5, 1960. The topics discussed include 
the status of the “white lists” (approved additives in past 
use) to be published by FDA, the requirement for prac- 
tieable analytical methods, difficulties in the enforcement 
of so highly coniplex a law, the impact of the law on food 
technologists and’ on the food industry, and chronic toxicity 
testing, the last mentioned being a matter of considerable 
concern since such studies require almost three years before 
any conelusions can be reached, (See page 603). 


THE TECHNICAL ARTICLES IN BRIEF 


Freeze-drying Design of equipment 


Design of freeze-drying equipment for the dehydration of 
foodstuffs. W. R. Smithies and T. S. Blakley. 


There is no equipment designed specifically for freeze- 
drying food on a large seale. For such equipment the fol- 
lowing characteristics are of importance: simplicity of 
construction; quick loading; prevention of thawing during 
loading and pump down; ability to run without supervision 
and adjustments; ability to dry a variety of products of 
various shapes and textures; reasonably rapid drying; 
uniformly heavy loading of the vacuum chambers to make 
maximum use of pumping capacity. A method of achieving 
these is by the use of chambers fitted with blackened shelves, 
electrically heated and movable so that the number of 
shelves and the space between them may be varied as de- 
sired. The material to be dried is laid on trays or between 
aluminum plates or, for layers thicker than 4% inch, between 
plates fitted with aluminum spikes, and then frozen. For 
drying, the trays or plates are loaded between the heating 
shelves leaving a small gap of 14 to 1 inch at the top and 
bottom. Thermostatically controlled radiant heat from the 
shelves provides efficient heat transfer for drying cycles of 
from four to seven hours. Evacuation of the system may 
be by steam ejector or by mechanical pump plus ice con- 
denser, depending on the facilities available. (See page 
610). 


Layout of submarine 
galley and associated spaces 


Food engineering for atomic submarines. Charles M. 


Schoman, Jr. 


Food engineering 


With the advent of the ballistic missile launched from sub- 
merged submarines, the submarine’s role in international 
polities and future warfare has been increased. Success of 
this weapons system will depend, in part, on the sub- 
marine’s capability of remaining in the ocean’s depths for 
long periods of time, safe from enemy detection and de- 
struction. Food, because of its effect on morale and human 
efficiency, is a decisive factor in this capability. Compre- 
hensive food production studies were conducted with the 
objectives of improving plant layout, equipment, and work 
efficiency, while maintaining or improving food quality 
and submarine space utilization. Theoretical process flow 
charts were used to determine equipment design and time- 
flow studies of actual operations, to determine plant layout. 
These studies resulted in the design and construction of new 
equipment and a new pilot facility. To determine if the 


November Cover. The table on this month’s cover is 
reproduced from WHAT’S NEW IN FOOD AND DRUG 
RESEARCH, July, 1959, and was supplied through the 
courtesy of the Food and Drug Research Laboratories, 
Maurice Ave., at 58th Street, Maspeth 78, New York City. 
The duration of test periods to determine chronic toxicity 
is long, almost 3 years, suggesting the importance of 
early initiation of tests of substances subject to the 1958 
Amendment, which becomes fully effective March 5, 1960. 
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objectives had been attained, 5 teams of submarine cooks 
accomplished the same food production tasks in the old 
and new facility. A comparison of personnel total work 
time, idle time, blood pressure, pulse, as well as equipment 
work time, power consumption, and food acceptability, 
indicated the value of this type of comprehensive study to 
plant design and layout problems, and that the study objec- 
tives had been obtained. (See page 615). 


Flexible packaging 
with inert gas 


Flexible packaging materials and inert gas increase the 
shelf-life of food products. Gerald B. Gross. 


Packaging 


Generally speaking, products high in fats and oils which 
are subject to oxidation, can become rancid with all the 
associated undesirable characteristics, unless provisions are 
made to remove atmospheric oxygen and replace it with 
inert gas. Investigations have shown that when products 
are packaged in a nitrogen atmosphere their shelf-life is 
extended considerably. The ideal packaging material for 
flexible gas packaging is one that has zero gas permeability 
and is readily machineable so that it ean be converted into 
a hermetically sealed package. The choice of basic ma- 
terials and subsequent laminations in individual cases is 
influenced by the protection factors that may be required. 
These include such factors as moisture vapor protection, 
possible chemical reaction between certain foods and the 
packaging material or vice versa, merchandising concepts, 
machineability in the convertor and food processor plants, 
and adaptability to packaging equipment and cost. In 
order to achieve a successful gas package, manufacturers 
of packaging equipment have modified their existing ma- 
chines to incorporate inert gas into the formed package. 
Powdered products are usually packaged on a so-called 
form fill and seal machine operating either horizontally or 
vertically. (See page 621). 


Gelatin 


Effects of ionizing radiation on gelatin and the role of 
various radioprotective agents. A. Bolaffi, J. F. Mezzino, 
J. R. Lowry, and R. R. Baldwin. 


Radiation preservation 


Effects of ionizing radiation on gelatin under a variety of 
conditions were studied. Radiation damage was found to 
be modified by a number of factors. The presence of N, 
and the absence of moisture during irradiation did not have 
any effect in minimizing radiation damage. The heat from 
irradiation had no deleterious effect on the physical proper- 
ties of gelatin. The reduction in bloom-gel strength and 
viscosity due to irradiation were minimized by the addition 
of additives suitable for food use. A few of the mechanisms 
which may be responsible for this protection are discussed. 
(See page 624). 


Drained weight behavior 
in canned fruit 


Drained weight behavior in canned fruit: an interpreta- 
tion of the réle of the cell wall. Clarence Sterling. 


Cellular theory 


Studies of drained weight changes in canned fruit have 
brought to light over the past 20 years some consistent 
findings. Several hypotheses have been advanced to explain 
these findings. In the writer’s opinion, sufficient data are 
now available to bring the separate results and ideas into 
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a related perspective. A unified interpretation of drained 
weight behavior is proposed. Observations on factors affect- 
ing changes in drained weight have been interpreted to 
assign the polysaccharide molecules of the cell wall a more 
significant role than hitherto ascribed. The theory pro- 
posed is: after canning, movement of water and other 
solutes proceeds according to respective gradients of ac- 
tivity or concentration. In sugar syrup, the fruit shrinks 
because water leaves the fruit faster than syrup solutes can 
move in to equalize solute concentrations. Abrupt cessation 
of water movement from the fruit and reversal of its 
direction of movement is due to the uptake of sugars in the 
cell walls, probably by hydrogen bonding of the latter with 
cell wall polysaccharides. The higher concentration of 
sugar in the walls permits water to move into them and 
produce a more hydrated condition there. Thus, cellular 
volume and drained weight will increase. Particular aspects 
of various determinants of ultimate drained weight have 
been considered, with special emphasis on volume of inter- 
cellular air spaces, cell wall dehydration, cell wall deforma- 
tion, and polysaccharide content of the cell wall. (See page 
629). 


Cooked pork 


Antioxidants in irradiated cooked pork. Basil G. Tar- 
ladgis, Margaret T. Younathan, and Betty M. Watts. 


Radiation preservation 


Oxidative changes followed by the TBA reaction have been 
shown to oceur in fresh pork upon cooking, increasing 
with time. Oxidative changes also contribute to the off- 
odor and flavor of fresh pork, irradiated with 2,000,000 rad 
of y-irradiation. The effect of different antioxidants and 
copper chelating agents as synergists, in fresh pork, cooked 
at 70° C. prior to receiving 2,000,00 rad of irradiation dose, 
has been studied. As shown by the TBA reaction and 
statistical evaluation of taste panel results, the rancid odor 
produced by the oxidative changes has been eliminated. 
The irradiation off-odor is still present in the product, but 
this was not as objectionable to the panel as the rancid 
odor of the cooked, untreated, non-irradiated fresh pork. 
(See page 635). 


Color stability Cured hams 


Some factors influencing color uniformity and stability in 
cured hams. EF. H. Rongey, O. J. Kahlenberg and H. D. 
Naumann. 


Studies were made on processing and physiological factors 
which may influence uniformity and stability of color in 
fresh and cured hams. Artery pumping pressures in the 
range of 40 to 60 p.s.i.g. were found to be satisfaetory and 
had little effect on cure penetration and uniformity of color 
in hams. Use of high levels of sodium ascorbate to the 
curing pickle did not significantly affect color uniformity 
or stability in hams. When hogs were stressed by either 
15 min. “formed exercise” or by ante-mortem adrenalin in- 
jections above 3 mg. per 100 lb. live wt. 14 hrs. prior to 
slaughter, color uniformity of the resulting hams was im- 
proved. The color of these cured hams was stabilized for as 
long as 6 days when high concentrations of sodium ascor- 
bate were added to the curing pickle. In an examination of 
260 fresh ham muscles, it was observed that the pH values 
of the controls were about the same as for the muscles 
obtained from hogs injected with 3 mg. adrenalin ante- 
mortem. When higher levels of adrenalin were injected, the 
resulting fresh ham museles were increasingly darker, more 
uniform, had a firmer structure and higher pH values than 
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Ex-fish man. Wallace J. Quick once chased around 
half the world for us looking for fish-liver oils. That's where 
our vitamin A came from until the late '40s, when we introduced 
the man-made variety to the American market. Shortly there- 
after Wally adopted a laissez-faire policy toward fish. 

Today, as our Assistant General Sales Manager, Mr. Quick 
fools himself into believing that the food industry likes him 
for his personality rather than for the vitamin A assays, sta- 
bility tests, and snappy shipping schedules he can arrange for 
DPi customers. We don't care what he believes as long as he 
manages to utter on suitable occasions a kind word for our 
Myvax® Vitamin A Acetate or Palmitate (or, for dry products, 
Myvax Dry Vitamin A Palmitate). 

For help in vitamin A fortification of your product, write 
Wally at Distillation Products Industries, Rochester 3, N. Y. 
Sales offices: New York and Chicago * W. M. Gillies, Inc., 
West Coast * Charles Albert Smith Limited, Montreal and 
Toronto. 


leoders in research and 
production of vitamin A 


Distillation Products Industries 
is @ division of Eastman Kodak Company 
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the controls. Color uniformity of the cured hams became 
less desirable with the higher levels of adrenalin injections. 
The shackling of 92 hogs during slaughter operations had 
no significant effect on color uniformity in ham muscles. 
(See page 640). 


Quality of boysenberries 
for frozen pies 


Composition and quality evaluation of boysenberries for 
frozen pies. 1). E. Rohrer and B. 8. Luh. 


Evaluation 


The influence of harvest maturity on several chemical con- 
stituents of boysenberries grown in the Denair and Watson- 
ville area of California was investigated. Accompanying 
maturation there was a decrease in titratable acidity and 
an increase in soluble solids content. The decrease in acidity 
was attributed to the decrease in citric and malic acids 
which were metabolized rapidly during maturation. Malic 
acid was found to decrease at a faster rate than citric acid. 
Cis-aconitie and isocitrie acid were also found in smaller 
quantity. The change in sugars, tannins, pectin, and vola- 
tile reducing substances during maturation of the berries is 
reported. The importance of these chemical constituents 
to flavor and consistency of frozen boysenberry pies is dis- 
cussed. Proper control of maturity of individually quick 
frozen (1.Q.F.) berries is essential to the quality of the 
frozen pie. (See page 645). 


Effect of metallic iron 


Effect of metallic iron on the spoilage of canned pork 
luncheon meat. L. L. Kempe and J. T. Graikoski. 


Canned pork spoilage 


Purposes of this investigation were to determine whether 
metallic iron influenced the rate of spoilage of canned pork 
luncheon meat and whether the spoilage of such meat, 
inoculated with Cl. botulinum spores, resulted in toxic 
products. Experiments are reported indicating that added 
metallic iron hastened the spoilage of canned pork luncheon 
meat of the variety marketed under the label “Perishable— 
Keep Under Refrigeration.” Even when inoculated with 
Cl. botulinum spores, swollen cans of such pork luncheon 
meat did not contain botulinus toxin when the cans were 
incubated at 29°C. Thus, the presence of indigenous 
microbial flora that developed gas when they grew in this 
pork luncheon meat acted as a safety factor by obviating 
the development of botulinus toxin during spoilage of the 
product. (See page 650). 


Tenderness Hams 


The effects of a pre-rigor infusion of sodium hexameta- 
phosphate on tenderness and certain chemical characteris- 
tics of meat. L. D. Kamstra and R. L. Saffle. 


Hexametaphosphate (Calgon), chelating agent, improved 
tenderness significantly when infused into hams prior to 
rigor mortis. However, corrective measures were necessary 
for the resulting dark colored meat and high pH. Glycogen 
values were much lower for both treated and untreated 
samples than for samples taken at slaughter. (See page 
652). 


Influence of collagen content 


Effect of a dry heat method of cooking on the collagen 
content of two beef muscles. Lanell Irvin and Sylvia 
Cover. 


Tenderness 
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i 
Stir this distilled monoglyceride into heat to about 75°C; cool 
cottonseed oil 


and the oil becomes a stiff solid. 


It takes only a small percentage of mono- 
glyceride made from a saturated fat to 
stiffen any liquid triglyceride. The crystal- 
line matrix holds the oil with practically 
no leaking, and the stiffened product 
stores well. 

You can achieve this effect only if the 
monoglyceride you use is exceptionally 
pure. We make such monoglycerides by 
molecular distillation in carload lots. 
Myverol® Distilled Monoglycerides is the 
name. Would you like to know more? 
Write Distillation Products Industries, 
Rochester 3, N. Y. Sales offices: New York 
and Chicago ¢ W. M. Gillies, Inc., West 
Coast @ Charles Albert Smith Limited, 
Montreal and Toronto. 
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Di 4h Also ... vitamins A and E 


Distillation Products Industries is « division ¢ Eastman Kodak Company 
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Purpose of this study was to determine the effect of cooking 
by a dry heat method for a short time on the collagen con- 
tent of two beef muscles and to relate the collagen content 
to judges’ scores for tenderness of the connective tissue. 
The collagen nitrogen content of two muscles, longissimus 
dorsi and biceps femoris, from 26 steers was determined 
and was reported on 3 bases: g. nitrogen/100 g. of meat as 
weighed, g. nitrogen/100 g. of raw meat, and g. nitrogen/ 
100 g. of total nitrogen. The muscles were analyzed raw 
and also after they had been broiled to an internal tem- 
perature of 61°C. Scores for tenderness of connective 
tissue from these same museles were available from another 
earlier study. Results reported as collagen nitrogen/100 g. 
of meat as weighed do not appear to give a satisfactory 
basis for comparison of raw and cooked meat. The col- 
lagen nitrogen content of cooked meat reported on this 
basis is high due to loss of moisture and fat during cook- 
ing. The collagen nitrogen content was considerably lower 
in raw and broiled longissimus, than in the corresponding 
raw or broiled biceps. Meat broiled rare from both muscles 
contained significantly less collagen nitrogen than the cor- 
responding raw meat. The loss of about 25% of the col- 
lagen nitrogen during broiling indicates that some of the 
collagen was changed to gelatin. The collagen nitrogen 
content was higher and the seores for tenderness of con- 
nective tissue were lower in biceps femoris than in longissi- 
mus dorsi. The data suggest an association between a 
chemical entity, collagen, as determined by collagen nitro- 
gen in this study, and the ability of judges to score for 
tenderness or toughness of connective tissue. (See page 


655). 


Use of ‘‘laboratory 
votator heat exchanger”’ 


Longitudinal temperature distribution in a scraped-surface 
heat exchanger. John L. Blaisdell and John W. Zahradnik. 


For studies of the effects of HTST processing on the chemi- 
eal and physical qualities of foods, a processing system, 
ineluding the “Laboratory Votator Heat Exchanger,” was 
constructed. A temperature measurement system which 
would easily and quickly determine the temperature dis- 
tribution of any product processed, was developed and 
evaluated. Reported here is the study of flow rates, mutator 
speeds and temperature rises (including outlet tempera- 
tures of up to 300° F.), on the temperature profiles of water 
in the steam heated “Laboratory Votator Heater.” When 
the temperature profiles were compared with a theoretical 
logarithmic rise, assuming the jacket heads to be but half 
effective, the following conclusions were drawn: (1) An 
apparently-rapid reduction in the unaeccomplished tempera- 
ture rise, (steam temperature minus the product tempera- 
ture, at any point), oceurred in the entrance region of the 
exchanger; (2) The logarithm of the unaecomplished tem- 
perature rise was essentially linear with length. However, 
two trends not creditable to experimental error alone, were 
observed: first, an accelerating rate of reduction of the 
una ‘complished temperature rise in the central portion; 
secoud, the then-decelerating rate of reduction of the un- 
accomplished temperature rise at low flow rates and moder- 
ate to high temperature rises. Probable causes for these 
phenomena— including this later “break” in the heating 
eurve—are presented. (See page 659). 


Procesing studies 


Last call for contributed papers for the Annual Meet- 
ing (1960) in San Francisco. page 30, non-technical 
section. 


High amylose starch with 
potentials for food packaging 


High amylose corn—properties and prospects. F’. R. Senti. 


More and more attention is being given to the development 
of new types of corn specifically adapted to industrial 
utilization. These corns are of industrial interest because of 
differences in the major constituent, starch, which comprises 
about 70% of the dry weight of the grain. The molecular 
makeup of the starch can be varied through genetie con- 
trol, thereby providing a variation in starch properties. 
Corn starches containing a high level of the amylose com- 
ponent represent the most recent advance in this area. One 
of the significant and striking differences between high- 
amylose starch and ordinary corn starch is in resistance to 
gelatinization or pasting. The resistance of high-amylose 
starch to gelatinization can be demonstrated by the viscosity 
time-temperature curve for a 50% amylose starch as com- 
pared with normal corn and waxy maize starches. Where 
ease of gelatinization is important, as it is for some food 
uses, high-amylose starches obviously would not be inter- 
changeable with ordinary starches. Chemical treatments of 
high-amylose starch are being investigated to adapt it to 
industrial uses requiring inereased solubility or dispersi- 
bility. For use in the food industry, the production of self- 
supporting films seems particularly interesting. The use 
of high-amylose starch films as an edible food packaging 
material has been suggested. An example of such an appli- 
eation would be in sausage casings where edibility and 
grease resistance would provide an advantageous combina- 
tion of properties. For general application in the pack- 
aging field the wet strength of amylose films would have to 
be inereased. A number of chemical cross-linking reactions 
are available for this type of modification. Studies are in 
progress in this area. In the other direction, readily soluble 
films ean be visualized as a result of chemical modification 
or derivatization. Such films would have potential value in 
packaging of prescribed quantities of food ingredients or 
mixes, as well as other products. (See page 663). 


New product 


Effects of curing temperature Peanuts 


Effects of curing temperature on gas-permeability and 
moisture equilibration of stored peanuts. Roy U. Schenk. 


Method of curing influences peanut quality. One or more 
uncontrolled variables are involved. One such variable could 
be the occurrence of differences in gas-permeability of the 
outer layers of peanuts as a result of variations in curing 
treatments. Such differences should not be unexpected. It 
has long been realized that rapid, high-temperature drying 
of certain fruits, such as pears and peaches, produce a 
“ease-hardening” of the surface which drastically retards 


. the eseape of moisture from within the tissue. This study 


seeks to determine whether such case hardening occurs in 
peanuts as determined by gas permeability and moisture 
equilibration measurements. Peanuts were shown to ex- 
change gases at rates inversely related to the temperature 
at which they were cured. The retarded gas exchange was 
due to the presence of a semipermeable layer at or near the 
surfaces of the peanut cotyledons. The layer did not 
appreciably affect the rate of moisture equilibration, but 
peanuts cured at high temperature did have lower equi- 
librium moisture contents than those eured at room tem- 
perature. Roasting had little or no effect on the per- 
meability of this layer to gases. (See page 667). 
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History of The Institute of Food Technologists. 


Part |. Origin and Early History, 1939-1947 


To PREPARE an acceptable and con- 
cise account of the origin and early history of an 
organization such as the Institute of Food Tech- 
nologists requires something more than a recording 
of names and dates. It should also offer some state- 
ment as to the causes and conditions leading to its 
formation. It may be stated at the outset, therefore, 
that numerous factors and events pointing toward 
the desirability of such a body had preceded its actual 
establishment as an entity among the professional, 
scientific and engineering societies of our country. 

It is perhaps sufficient at the outset, to establish it 
in time and purpose by stating that it was organized 
at a meeting of food scientists at the second M. I. T. 
Conference on Food Technology, in Cambridge, Mass., 
on July 1, 1939. At this meeting several hundred per- 
sons interested in the technological aspects of food 
production, and actuated by the belief that the appli- 
cation of the several sciences contributory to the 
proper production of food commodities could be more 
effectively utilized, united in the decision that an 
organization of this character could be of great use- 
fulness to the expanding food industry, and of out- 
standing service to the public welfare. 

Its purposes, as expressed in a temporary consti- 
tution accepted at this organization meeting, were: 
‘To facilitate interchange of ideas among its mem- 
bers; to stimulate scientific investigations into tech- 
nical problems dealing with the manufacture and dis- 
tribution of foods; to promulgate the results of re- 
search in food technology; to offer a medium for the 
discussion of these results; and to plan, organize, and 
administer such projects for the advancement. and 
application of science insofar as it is fundamental to 
a wider knowledge of foods.’’ While the objectives 
have now gone beyond those here stated, it is never- 
theless true that these have been the major guiding 
principles throughout the very successful existence of 
the organization. 

Interest in food technology had long preceded the 
actual date of the organization, xas implied by the 
statement that this was the second Food Conference at 
M. 1. T., and much interest had been aroused in other 
sections of our country, both in edneational institu- 
tions and elsewhere. It is therefore clear that the 
organizations of the Institute of Technologists came 
about not as a fortuitous happening, or a sort of 
spontaneous generation, but as the logical result of 
thinking and actions of the considerable group of 


* This is the first of a series of reports prepared by the Com- 
mittee on the History of the IFT. Dr. Prescott was the Chair- 
man of the Committee of three which drafted the present report. 


F. C. Blanck, L. V. Burton, and 
S. C. Prescott* 


individuals who became its sponsors. Previously un- 
organized as a group and necessarily scattered through 
the country, those now becoming associated had been 
interested from several standpoints such as (a) com- 
mercial food manufacture and preservation; (b) re- 
search in food chemistry, microbiology, and nutri- 
tion; (c) education and the training of personnel for 
technical positions and/or for the publications or 
dissemination of established facts about foods and 
their manufacture; (d) distribution and merchan- 
dising of food products, whether in natural, packaged 
or manufactured form. Fundamentally, there was the 
belief that through organization both the growing food 
industry and the general welfare of the whole popu- 
lation could be helped. 

Although not essential to this record, it may be 
pertinent to recall that significant events and inven- 
tions had taken place from time to time in the pre- 
ceding century, some of which had made possible the 
transition from the era when food products were the 
results of long-established domestic arts to a time 
when scientific fact could be utilized in a broad and 
weil-understood manner in the manufacture of food 
commodities. Here may be mentioned, the invention 
of heat treatment by Appert; the invention of con- 
densed milk and of pemmican by Gail Borden; the 
invention of agricultural machinery such as the 
reaper and the harvester; the invention of the first 
practical refrigeration machine, the refrigerator car 
and the refrigerator ship. These inventions had made 
possible extensive agriculture, the canning industry, 
the meat industry, and the transportation of foods 
from areas of production to the more populous re- 
gions of great food demand. 

Nor should it be forgotten that as the food indus- 
tries grew in the latter decades of the nineteenth cen- 
tury, the products were often far from satisfactory in 
quality. Spoilage through putrefaction and lack of 
sanitation was common; adulteration and sophistica- 
tion, produced wilfully or through ignorance, were 
almost rampant. Storage was insanitary and produe- 
tive of great losses ; and the knowledge of fundamental 
bacteriological and biochemical processes was abysmal. 
Milk supplies for cities were grossly contaminated, 
and the quality of commercial foods was on a level far 
below that with which we are familiar at present. It 
was because of these grossly low standards that the 
Pure Food Law of 1906 became of such fundamen- 
tal importance to the nutrition of the nation, and 
awakened the intelligent producers and the scientists 
to the necessity for vast changes in operational 
methods and for the need for stricter supervision and 
control. 
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With the breaking out of World War I in Europe 
the demands on the food industries were greatly 
accentuated, and many young men found employment 
in this field, or in the service of the governmental 
laboratories such as the Bureau of Chemistry, or in 
the services related to the Army or Navy. Many of 
these men here obtained a part of their training in 
the technical problems relating to foods, and in later 
years became associated in the new Institute of Food 
Technologists when it was organized. 


THE BEGINNINGS 


In 1936 the men associated with the staff of the 
Biological Department at the Massachusetts Institute 
of Technology believed that the time had come when 
it would be fruitful to the food industry to have a 
Conference on Food Technology. A year was spent in 
laying the plans for such a meeting, and it was 
thought wise to give this an international flavor, if 
possible, by inviting the leading food experts of sev- 
eral other nations to participate. Since this could 
not probably be done without subsidizing the expenses 
of travel for such men of distinction, efforts were 
made to secure a fund sufficient to pay the transporta- 
tion of those who were to be invited to be speakers at 
the conference. The matter was discussed with the 
President of M. I. T., the late Karl T. Compton, a 
man always deeply interested in the promotion of the 
application of science to industry. The matter ap- 
pealed to him, and he gave it deep and friendly 
thought. It was a practical problem but there were no 
special funds available for such a purpose. When he 
asked how many food technologists would probably 
attend such a conference he was told that certainly 50 
or 60 men in the United States would come, and that 
the number might reach 100. He was also apprised of 
the intention to invite men from Canada, Britain, 
France and Germany, in order to make the convention 
of unusual significance. The idea of an international 
conference appealed to him, and through his efforts a 
fund of $1500 was secured. Invitations were at once 
sent to Rudolph Plank, A. Perlick, of Karlsruhe, M. 
Piettre of Paris, Thomas Moran and J. Brooks of the 
Low Temperature Station at Cambridge, England, 
and G. A. Reay of the Torry Fisheries Research Sta- 
tion at Aberdeen, offering transportation expenses. 
Acceptance came promptly. With this assurance, let- 
ters weré sent to an extended list of food workers in 
the United States and Canada, inviting attendance, 
and in numerous instances specifically requesting that 
a paper be presented at the conference. Again the 
response was most gratifying. 

The Conference was held at M. I. T., September 
14-18, 1937. 

When the time for the conference arrived, the Eu- 
ropean guests also included representatives from Bel- 
gium and Norway, and there were men and women 
from 23 of our states, with California, New Mexico, 
Texas, and Florida as the farthest to be represented. 
It is estimated that nearly 500 people were in at- 
tendance during the three days, but obviously not all 
were food technologists, some students and instructors 
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and local state and city health departments were well 
represented. 

On the morning of the opening day, 8. C. Prescott, 
Dean of Science and Department Head at M. I. T. wel- 
comed the unexpectedly large gathering, described 
the objectives he and his colleagues had envisioned for 
this conference, and stated that the program was 
arranged to bear mainly on the principles and prob- 
lems relating to the dairy, the canning, and the re- 
frigeration industries. For three days, morning and 
afternoon sessions were devoted to the presentation of 
scientific papers, all of which had been arranged for 
by special invitation. Eight papers were presented by 
the eminent foreign guests, and of the other 31 papers 
which had been invited 25 of the participants later 
became members of the IF'T when it became organized. 
It is of interest to name these men: A. Abrams, S. H. 
Ayers, C. O. Ball, A. K. Balls, H. A. Barnby, L. 
Berube, A. W. Bitting, F. C. Blanck, L. V. Burton, 
E. J. Cameron, A. C. Fay, G. A. Fitzgerald, C. R. 
Fellers, W. H. Harrison, M. Levine, H. Lineweaver, 
M. E. Parker, 8S. C. Preseott, B. E. Proctor, F. W. 
Tanner, W. D. Tiedeman, D. K. Tressler, L. A. Rogers, 
G. B. Sipple, M. P. Vucassovich, L. W. Waters. 

The formal conference ended with a farewell talk by 
B. E. Proctor, who thanked those who had attended, 
and expressed the hope that through such friendly 
cooperation other similar gatherings might be held 
and an intimate clearing house of information con- 
cerning the manifold scientific applications relating 
to foods and food products might become possible. 
The final day was given over to group discussions in 
the morning, and in the afternoon a trip to Gloucester 
where an old-fashioned clam-bake was enjoyed through 
the courtesy of the Gorton-Pew Fisheries Company, 
Ine. It was an enjoyable ending for what had been a 
satisfactory conference. 

After, and in fact, throughout the whole conference 
period ‘there were numerous expressions that other 
similar meetings and something in the nature of an 
organized group would be highly desirable and useful. 

The effect of this successful conference was wide- 
spread. Comment from those who had been in at- 
tendance was cordial, appreciative, and continued to 
be received for several months. The men at M. I. T. 
therefore decided, early in 1938, to lay plans for a 
second conference in 1939, and so informed numer- 
ous friends, many who had been at Cambridge th 
previous year. The plan met general and hearty 
acceptance. 

Plans for the second conference had begun, and 
were further stimulated when the matter was brought 
to the attention of a group which had been invited by 
G. J. Hucker met on August 5, 1938, at the New York 
State Agricultural Experiment Station at Geneva, on 
some other matter, possibly in relation to canning. 

The men at the Geneva meeting were: S. H. Ayers, 
C. O. Ball, E. A. Beavens, F. C. Blanck, C. R. Fellers, 
F. F. Fitzgerald, G. A. Fitzgerald, W. H. Harrison, 
G. J. Hucker, J. H. Nair, R. C. Newton, B. E. Proctor, 
F. W. Tanner, H. E. Goresline, and D. K. Tressler. In 
their conversations the Cambridge meeting was ob- 
viously recalled, and there was generally expressed 
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the hope that some form of organization might be 
effectuated. It was suggested that opinion on this mat- 
ter should be further explored. Dr. Hucker was there- 
upon chosen to seek by letter the opinions of a number 
of men who were not present at Geneva. The replies 
from more than 30 men indicated approval of the 
idea, and authorization to use their names in a still 
wider inquiry. Accordingly, a list of about 160 food 
technologists, chemists, bacteriologists, laboratory di- 
rectors, etc. was compiled on September 7, 1938, and 
a letter sent to each asking if he would be interested 
in the formation of an association and would be will- 
ing to attend an organization meeting if an acceptable 
time and place could be arranged. The replies were 
largely affirmative and indicated deep interest. The 
second Cambridge Conference seemed to offer a suit- 
able occasion for such a meeting as was proposed. 


THE FOUNDING OF “THE INSTITUTE OF 
FOOD TECHNOLOGISTS” 


As a next step, a meeting of the men who had been 
contacted was called at the Hotel Pennsylvania in 
New York, on January 16, 1939, the purpose of which 
was to clarify final expressions of opinion, and if 
predominantly favorable, to discuss and suggest the 
details of the mechanics of organization which it 
would be essential to decide upon and to put into 
effect at the actual organization meeting later. These 
details included the name of the society, range of its 
officers, and committees on classes and qualifications 
of members, a general form of constitution, etc. Those 
attending the New York meeting were: S. H. Ayers, 


The Food Technology Conference held at the Massachusetts Institute of Technology, September 14 to 18, 


C. O. Ball, F. C. Blanck, L. V. Burton, C. R. Fellers, 
D. R. Fiske (Sec. of A.S.R.E.), F. F. Fitzgerald, G. A. 
Fitzgerald, C. N. Frey, W. H. Harrison, G. J. Hucker, 
N. F. Kennedy, D. J. Haverty, H. 8. Mitchell, J. H. 
Nair, R. C. Newton, C. 8. Pederson, M. E. Parker, 
S. C. Preseott, B. E. Proctor, and L. W. Waters. 8. C. 
Prescott was asked to act as chairman. 

Most of those in attendance had given serious 
thought to the main idea of an organization but had 
not reduced them to concrete expression on paper so 
the discussion was at first somewhat diffuse, but Dr. 
L. V. Burton, with his experience as Editor of Food 
Industries and familiarity with the other national 
scientific societies, had brought to the meeting some 
very definite typed material for a definition of Food 
Technology and discussion including copy for a tenta- 
tive constitution, complete in form, a name for the 
society, and a roster of the essential committees. He 
thus provided basic materials for intelligent and time- 
saving discussion. Paraphrasing certain other so- 
cieties, such as the Society of Chemical Engineers, the 
Society of Metallurgical Engineers, ete., he proposed 
for discussion the name of the Society of Food Engi- 
neers. Objection was made to this name, since the 
majority of those present and of food workers in gen- 
eral were chemists technologically trained as _ bac- 
teriologists or nutritionists rather than specifically as 
engineers. The name Institute of Food Technologists 
was eventually selected since this broader term may 
include engineering as well as the management and 
the other branches of scientific technological training 
implicit in the food industry. 


1937. Throughout the meeting there were numerous expressions that an organized group of Food Technologists 
would be desirable. Space limitations prevent identifying more than a few of the participants in the 1937 meet- 
ing but, in the front row, eleventh from the left, is Samuel Cate Prescott; fourteenth from the left, L. V. 


Burton, and fifteenth, C. Olin Ball. 
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The tentative constitution which Burton had pre- 
pared with considerable elaboration and which gave a 
concise definition of what food technology includes, 
was found to be comprehensive and readily acceptable 
in general form, but with the understanding that it 
would undoubtedly require modification and occa- 
sional change as the society grew in size and scope 
and evolved its own character and needs. It served, as 
later history proved, as a workable type-form in which 
essential changes could be made as needed by the 
development of the society. Similarly the various com- 
mittees suggested met the necessities of a new society 
in its formative period. 

In short, the New York meeting of this group 
erystallized the opinion as to the great desirability, 
even necessity, for such an organization as had been 
previsioned two years earlier, and now through volun- 
teer committees, formulated some of the plans that 
made certain the establishment of the Institute of 
Food Technologists. 

On June 29, 30 and July 1, 1939, the Second M. I. T. 
Conference on Food Technology was held in Cam- 
bridge, under the general chairmanship of Dr. B. E. 
Proctor. The meeting was highly successful, with 
splendid papers, and an attendance estimated at more 
than six hundred. In addition to the scientific interest 
in the program, there was a deep undertone of interest 
in the expected organization of the projected new so- 
ciety, and the sponsors, housed in dormitory rooms, 
devoted evenings to the preparation of plans and 
reports. One incident may be mentioned as significant 
of the mounting interest and expectation. L. V. Bur- 
ton and B. E. Proctor were polishing the section of 
the proposed constitution relating to elections, while 
G. J. Hucker, at another table, worked on his records. 
Suddenly, Proctor asked: ‘‘ Larry, how big an organi- 
zation do you think this will be?’’ Burton replied: 
‘*Oh, about two hundred at the maximum.’’ Hucker 
overheard the reply and exploded: ‘‘Two hundred! If 
we don’t go to 400 we shall be a failure!’’ Little did 
anyone present envision an organization with a mem- 
bership in the thousands, or that the rapid growth and 
geographic spread would require numerous changes in 
the constitution and by-laws during the succeeding 
decade. 

The last and most important feature of the confer- 
ence took place at the end of the final session. Dr. 
F. C. Blanck, the presiding officer of this session, then 
presented the general plans for an organization to be 
known as The Institute of Food Technologists (as had 
in part been worked out at the group meeting in New 
York), and called for a vote as to whether the organi- 
zation should now take place. He briefly described the 
plans and purposes of such a society, and its possible 
usefulness to the food industry and the public good. 
His statement received enthusiastic approval, and 
many indicated their hope and desire to join such a 
scientific body. The group then acted on the accept- 
ance of the temporary constitution, as presented by 
Dr. L. V. Burton. It was assumed that those who 
were ready to join and to sign or accept the constitu- 
tion should be regarded as Founder Members without 
formality of election. It was recognized, of course, 
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that later changes were to be made in the constitution, 
and statements regarding personnel, number in the 
committees, and the duties of committees. 

Following the acceptance of the temporary constitu- 
tion the meeting proceeded to the election of officers, 
the following slate of nominees having been presented 


First president of IFT, Samuel Cate Prescott, left, 
and first secretary-treasurer, George J. Tucker, right. 


by the temporary nominating committee: President, 
Samuel C. Prescott, Mass. Inst. Tech., Cambridge, 
Mass.; Vice President, Roy C. Newton, Swift & Co., 
Chicago ; Seeretary-Treasurer, George J. Hucker, N. Y. 
State Agr. Expt. Station, Geneva. Councillors for 2 
years: F. C. Blanck, Bureau of Chemistry, U.S.D.A., 
Washington, D. C.; L. V. Burton, Editor, Food In- 
dustries, New York, N. Y.; W. V. Cruess, University 
of California, Berkeley; K. F. Meyer, San Francisco, 
California; F. W. Tanner, Prof. of Bacteriology, 
Univ. of Illinois, Urbana, Ill. Councillors for 1 year: 
E. J. Cameron, National Canners Assoc., Washington, 
D. C.; W. L. Campbell, Kroger Foundation, Cincin- 
nati, Ohio; E. D. Clark, Canners Laboratory, Seattle, 
Washington, D. C.; M. E. Parker, Meadow Gold Co., 
Chicago, Ill.; L. W. Waters, General Foods Co., New 
York, N. Y. The Executive Committee consisted of 
L. W. Waters, H. N. Riley, B. E. Proctor, C. S. Peder- 
son, H. 8. Mitchell, H. E. Goresline, Chairman. 

It was moved and seconded that the Secretary cast 
one ballot for the proposed nominees. Carried, and 
the vote was cast, and the Chairman declared the offi- 
cers above named elected. 

The Institute of Food Technologists thus became 
an organized society, on July 1, 1939. 


IFT BEGINS TO OPERATE 


The Institute of Food Technologists (or the IFT as 
we now designate it for brevity) began to operate. 
The elected officers and committees were members who 
were known to have a genuine interest in the new 
undertaking and would give time and energy to the 
furtherance of its purposes and ideals. A wide range 
of professional activity was represented, and the indi- 
eated geographical spread in membership assured that 
the organization would not become localized or 
parochial. While pointed to service in the many lines 
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of commercial food production, handling, and manu- 
facture in the great food industry, it was also re- 
garded as essential that the areas of technical educa- 
tion, in universities and engineering schools, editorial 
interest, governmental services in many lines, and 
research in all phases relating to food improvement 
sanitation and technology should be within its pur- 
view. 

As the constitution provisionally accepted had pro- 
vided for two classes of membership based on proies- 
sional and educational qualifications and a possible 
third class of corporate membership these matters 
could not be fully discussed at the Cambridge meet- 
ing, but were referred to the Council for later con- 
sideration and recommendations. The matter of dues 
of $5.00 for members and $3.00 for affiliate members 
was voted, and then the meeting was closed. 

The first Council meeting was held at the William 
Penn Hotel at Pittsburgh on October 16, 1939. It was 
a long and important session as many matters per- 
taining to future operations had to be decided. At 
this well-attended meeting the following decisions 
were reached : 

(1) That the constitution should be rigidly enforced insofar 
as membership is concerned. If the IF'T is to become stable and 
respected, much care is essential in approving the qualifications 
of its applicants for membership. 


(2) A Qualifications Committee be appointed by the Presi- 
dent. (The original Qualifications Committee consisted of 
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F. C, Blaneck, L. V. Burton, W. L. Campbell, and W. V. Cruess). 
The committee was to pass on the qualifications of applicants, 
both for members and affiliates, and submit their report to the 
Secretary for transmittal to the Council for final action. 

(3) To elect, from a list of applicants submitted by the 
Secretary 359 members and 34 affiliates. 

(4) To consider the possible selection of Foop RESEARCH as 
the official organ of the IFT, and also to consider the generous 
offer of Food Industries to arrange subscriptions at reduced 
rates to the members for the purpose of stimulating interest in 
the subject and possibly to help in securing new members. It 
was the opinion of the Council that it was too early to decide 
on an official periodical, but thanks were expressed to the edi- 
tors of each of these journals, and final action was held in 
abeyance. 

(5) To accept the invitation, presented by E. H. Harvey 
from the members of IFT in the Chicago area, that the next 
meeting be held in Chicago in 1940. The question of regular 
or annual meetings was brought up and action postponed until 
at or after the next (Chicago) meeting. 

(6) That the Constitution Committee be continued in office. 

(7) That the Seeretary be authorized to establish a News 
Letter to go at intervals to all members. 

(8) That more detailed information regarding IFT be sent 
to proposed candidates. 

(9) That a report presented by D. K. Tressler as Chairman 
of the Program Committee of the proposed Chicago meeting 
be approved. 

Much other useful discussion was held during this 
meeting. 

It may also be recorded that on January 10, 1940, 
on recommendation of the Qualifications Committee, 
187 Members and 42 Affiliates were elected by mail 
vote of the Council, but many of these did not com- 
plete membership by the payment of dues as is speci- 
fied in the constitution. 


THE FIRST IFT CONVENTION 


The first and extremely important Chicago meeting, 
held at the Morrison Hotel, June 16-19, 1940, was 
both large and enthusiastic and set a high standard 
for IFT conventions. At the Council meeting pre- 
ceding the regular sessions a large number of applica- 
tions for membership was processed, and numerous 
changes of status voted. On recommendation of the 
Committee some slight modification of the constitu- 
tion was acted upon before they should be voted on 
by the members. The question of Junior memberships 
was brought up and action postponed, as clarification 
was desirable. A report on Corporate membership was 
discussed, and it was decided that it was inadvisable 
to seek such membership at this time. It was voted to 
try to arrange for the printing of the Proceedings of 
the Chicago meeting, and a Publications Committee 
was appointed to inquire into this and also to consider 
the matter of the establishment of an official journal. 
The committee appointed: W. L. Campbell, L. W. 
Bass, M. E. Parker, F. C. Blanck, and F. W. Tanner, 
Chairman. 

At the business session of the convention the present 
officers were reelected, and as Councillors at Large 
Messers. E. J. Cameron, C. R. Fellers, G. A. Fitz- 
gerald, C. N. Frey and B. E. Proctor. The meeting 
voted thanks to the Chicago group, which had so 
splendidly acted as hosts to this most successful 
gathering. 
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At the final Council meeting plans for future meet- 
ings were considered, and M. E. Parker, L. W. Bass, 
and F. W. Tanner were appointed to consider meeting 
places for the annual meetings of 1941, 1942, and 
1943. The display of commercial exhibits at the an- 
nual meetings was also discussed and the President 
was empowered to consult with Mr. S. Gorsline, an 
expert in this field. The meeting then disbanded, end- 
ing a most gratifying and successful convention, in 
which much was done to promote the well-being and 
solidarity of the organization and to indicate the lines 
of action for the future. 


An interim Council Meeting was held on October 
9, 1940 at the Hotel Statler in Detroit. The Commit- 
tee on Meeting Places reported that Pittsburgh was 
selected for the 1941 meeting, Washington for 1942, 
and some place on the Pacific Coast for 1943. H. N. 
Riley of the H. J. Heinz Company was named as gen- 
eral Chairman of the local committee, F. C. Blanck in 
charge of exhibits (aided by S. Gorsline), and L. W. 
Bass as Chairman of the Program Committee. Thirty- 
four members and 11 affiliates were elected. Three 
months later a much more important meeting of the 
Council was held at the Stevens Hotel in Chicago. 
The Secretary-Treasurer reported that the Institute 
now had approximately 850 Members, with other ap- 
plications pending, and that there was a cash balance 
of over $2500. E. H. Harvey, Chairman of the Pro- 
gram Committee for the Pittsburgh meeting, sug- 
gested that abstracts of papers to be presented must 
be submitted to the Program Committee prior to the 
Conference, whereupon it was moved (Burton) and 
seconded (Proctor) that it be required that all manu- 
seripts be in the hands of the Program Committee 30 
days prior to the Conference if they are to be pub- 
lished in the Proceedings. They should be in form for 
publication in order to aid the editor of the Proceed- 
ings, and each person appearing on the program 
should also reserve a copy available for publication in 
Foop REsEArcH, to be sent when and if a call is made 
for manuscripts. 


The Program Committee reported that the main 
part of the program at Pittsburgh would be in the 
form of four symposia dealing with food technology, 
as it may relate to national defense. This idee was 
approved. It was voted that papers by IFT members 
should be preferred for programs but that others may 
be invited to discuss special topics. The Committee 
on the Constitution described changes which should be 
made especially in connection with the election of offi- 
cers, and it was further suggested that biographical 
sketches of nominees for officers should be issued with 
the final ballots. 


The ‘‘Pioneer Regional Section,’’ Chicago, is 
Founded. A most important feature of this Council 
meeting was the presentation by E. H. Harvey, signed 
by 100 members of the Chicago group, of a petition 
that a charter be granted to the Chicago group to 
establish a Chicago Section of IFT with power to 
make local rules and set up their own organization 
in conformity with the constitution. It was then 
moved by Harvey and seconded by Newton that this 
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sectioa be recognized as the Pioneer Regional Section 
of IFT. The petition was unanimously approved and 
it was unanimously voted that the Charter should be 
granted. This established the precedent which, as 
subsequent history shows, was to be followed in many 
other areas. 

Mention should be made here of a National Defense 
Committee which was set up to consider how IFT 
might best function as an unofficial advisory com- 
mittee to serve both Army and Navy in matters per- 
taining to food and nutrition, and to cooperate re- 
garding men who might be commissioned in various 
branches of the services requiring trained personne! in 
these fields. 

After this very successful year, all awaited the 
Second National Convention which was held at the 
William Penn Hotel, Pittsburgh, June 16-19, 1941. 
At the Council Meeting held on June 15, the reports 
of the Secretary-Treasurer were read and approved ; 
a committee on Publication of Proceedings of the 1941 
meeting was appointed ; the Chairman of the Program 
Committee recommended that the Program Committee 
for 1942 meeting and future years be appointed sev- 
eral months in advance of the meeting date ; the policy 
for divisional meetings in 1942 was moved and ap- 
proved; and it was recommended papers by non- 
members descriptive of notable research might be 
invited ; the director of Exhibits recommended that no 
exhibits in future should be in private rooms of ex- 
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hibitors, and that the organization of exhibits be cen- 
tered in one man. The Committee on future meetings 
reported that hotels in Baltimore and Washington 
had sought the 1942 convention, but it was voted that 
invitations to hold a convention should only be con- 
sidered when coming from local groups of IFT Mem- 
bers. Dr. Cruess suggested that a meeting he held on 
the Pacifie Coast in 1943 or 1944; on motion, the 
President appointed a special committee to dete: mine 
location of 1942 meeting as the crowded conditions in 
Washington made it inadvisable to hold the conver. 
tion there. 


CALIFORNIA SECTIONS FOUNDED 


W. V. Cruess, representing 100 petitioners, pre- 
sented a petition (with by-laws) for charter recogni- 
tion, and this was granted for a Section (Sec. 2) to be 
known as the Northern California Section, as all re- 
quirements had been fulfilled. 

A petition was also presented by members of a 
Southern California group for a Charter for a South- 
ern California Section; but the charter was held in 
abeyance until the group had been active for a full 
year and met the constitutional requirements. C. O. 
Ball presented a report dealing with further advisable 
changes in the Constitution, in which the broad con- 
cept and definition of Food Technology, and specific 
details as to the modus operandi of the Institute should 
be set forth. 

Offices in IFT should be regarded as working jobs 
and not honorary posts, and should not be in any sense 
self-perpetuating. Regional sections should have ade- 
quate representation on the Council. Regulations 
should be made by which Regional Sections are 
enabled to determine the numbers or percentage of 
IFT members and affiliates and of local applicants 
who may not have the full qualifications for member- 
ship in the national body. (This report was accepted 
and approved at Business Session. ) 

The Committee on Corporate Members recom- 
mended that the Institute move slowly and take no 
action at this time. 

Committee on Student-Membership recommended 
that it was desirable to gain more experience before 
making any regulations for Student members; voted 
that all dues must be for full years; recommended 
that the Charter for the Chicago section be made 
available prior to July 1, 1942. 

Appert Award Established. An event of special 
importance was the presentation of a plan of the Chi- 
cago Section to establish the Nicholas Appert Medal 
Award and the method of appointing a jury of nine of 
which the Chairman would be a non-voting Chairman. 

On the basis of information as to activities now en- 
gaging the Southern California group it was voted 
that Secretary instruct the group as to the provisions 
of the pending constitution regarding recognition of 
local sections and inform them that their petition 
could be considered during January 1942. 

The Budget Committee recommended a budget of 
$2500, for 1941-1942 of which $1500 was for publi- 
cations, $400 for office expenses, $300 for secretarial 
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assistance, $150 for travel of officers, and $200 for the 
annual meeting. 


ONE THOUSAND MEMBERS 


At the general business session the Secretary re- 
ported 1000 members as of June 15, 1941. The per- 
centage of applicants rejected had increased during 
the year due to large number of unqualified persons 
seeking membership. 

E. H. Harvey restated the conditions relating to the 
awarding the Appert Medal founded by the Chicago 
Section. The award may be made annually to any- 
one who because of preeminence and contributions in 
the field of food technology is deemed worthy of spe- 
cial recognition by the jury, that the medalist elected 
shall be notified at least three months prior to the 
Meeting at which award is made and shall deliver an 
address at time of award on a subject of his own 
choice, approved by Chairman of Jury. The new 
officers elected were: L. V. Burton, Fresident*; E. H. 
Harvey, Vice President; G. J. Hucker, Secretary- 
Treasurer. Those elected as Councillors-at-Large were 
C. H. Bailey, C. O. Ball, F. F. Fitzgerald, R. A. 
Dutcher, D. K. Tressler. Those present voted unani- 
mously that a telegram be sent to Burton informing 
him of his election. 

On June 17 a special luncheon meeting held a Sym- 


*In a subsequent chapter cuts of IFT presidents, from the 
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posium on Education of Food Technologists and it 
was voted that a Committee on Teaching, to be ap- 
pointed by the new president, explore the field of 
proper curricula for teachers in food technology. 

On October 15, 1941, the Council met at Atlantic 
City coincident with the National Canners Conven- 
tion. President L. V. Burton presided. The war situa- 
tion was acute, and many members were likely to be 
involved. Action taken at this time included: Recom- 
mendation—that advanced students in food tech- 
nology consult Dr. J. A. Tobey with reference to 
placement or deferment of draft; discussion of sec- 
tion boundaries in regard to local sections; selection 
of Minneapolis for the 1942 meeting ; with C. H. Bailey 
as general chairman, and M. E. Parker, Chairman of 
Program Committee. A report from the Pittsburgh 
meeting stated that $750.00 from the profits had been 
sent to Treasurer of IFT for addition to general fund. 

A committee on Employment and Personne! 
Changes was authorized and J. Avery Dunn was 
appointed by the President as Chairman. 

The Council then adjourned until the day pre- 
ceding the Third National Meeting at the Nicollet 
Hotel, Minneapolis, June 14 to 17, 1942, under Presi- 
dent L. V. Burton. At this Council Meeting, after 
usual reports and election of many new members, the 
question of the qualifications of teachers of Home 
Economies was discussed. Since training of these 
teachers is so varied, it was voted to recommend that 
the Committee on Qualifications issue a clarifying re- 
port on this matter to applicants, maintaining stand- 
ards; voted that Councillors-at-Large should not 
appoint proxies for themselves but Local Sections may 
appoint proxies on approval of the Executive Com- 
mittee of the Section. 

Northeast Becomes Section No. 3. Petition was re- 
ceived from New England group for Charter as 
Northeast Section ; granted as Section No. 3. Charter 
granted to Southern California; Section No. 4. 

The report of the Constitution Committee expressed 
hope of a final form for the Constitution in 1943. The 
Secretary was empowered to secure estimate of cost of 
a new directory. He reported over 1100 members and 
expressed need for more clerical help, especially prior 
to national meetings. 

At the business session recommendations of Council 
were approved, and the election of the following offi- 
cers for ensuing year: President—R. C. Newton, Vice 
President—E. J. Cameron, Secretary-Treasurer—G. 
J. Hucker. Elected as Council-at-Large were: S. C. 
Prescott, R. 8S. Hollinghead, L. W. Waters, C. Olin 
Ball, G. V. Hallman. 

The 1942 meeting was outstanding for the fact that 
at the banquet the first presentation of the Appert 
Medal was made; the recipient being Professor Wil- 
liam V. Cruess of the University of California. 

The first Council meeting in the fourth year of IFT 
history was held on February 14, 1943. At this Meet- 
ing the Treasurer reported an additional contribution 
of $79.91 from the Pittsburgh Convention profits, and 
$565.05 from the Minneapolis group. 

The Budget Committee which had been appointed 
by President Burton to prepare the 1943 budget made 
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a comprehensive report so carefully worked out that 
it could be used as a standard for future operations ; 
it was promptly approved. It was voted that the 
National Conference in 1943 would be in St. Louis, 
June 2, 3, and 4, 1943, with Paul F. Sharp as Chair- 
man of the Program Committee. 

The St. Louis Society of Food Technologists having 
met all provisions made application for a Charter as 
the St. Louis Section, which was granted. 

Then an application for a charter for the New York 
group was presented and granted. The geographic 
limits were discussed, but with the understanding that 
adjustments may be necessary if other regional sec- 
tions are contiguously formed. Like its predecessors, 
the St. Louis Meeting was highly successful. 

The IFT now had over 1,250 members and the 
Treasurer reported a balance on hand in excess of 
#6000. The sessions for the reading of papers were 
well attended and of broad general interest. At the 
annual banquet the Appert Medal was bestowed on 
Professor Samuel C. Prescott. It was announced that 
the 1944 National Conference would be in Chicago 
at the end of May. Officers elected at this meeting 
were: W. V. Cruess, President; F. C. Blanck, Vice 
President ; G. J. Hucker, Secretary-Treasurer. Elected 
as Councillors-at-Large were: L. V. Burton, F. W. 
Tanner, H. R. Kraybill, P. F. Sharp, G. A. Fitzgerald, 
and R. C. Sherwood (to replace G. V. Hallman who 
had resigned to accept a post in the QM Corps, U.S. 
Army). 


REPORT ON OBJECTIVES AND PLANNING 
The principal Council Meeting before the 1944 Con- 
vention was held at the Hotel LaSalle in Chicago on 
February 13, 1944. The Council took action which 
was destined to influence significantly the future poli- 
cies, expansion and growth of the Institute. Most 
important was the report of a Committee appointed by 
President Newton in 1943, of which R. H. Leuck was 
Chairman. This Report on Objectives and Planning 
emphasized that the Institute had now reached a status 
at which it should give serious consideration to the 
plans for the future to ensure its further healthy de- 
velopment, enabling it to take its rightful place along- 
side other professional societies of national character. 
It recommended that the President should appoint 
designated sub-committees each with a special fune- 
tion in the broad program of development, and to be 
prepared to report at the next Council Meeting. The 
Committees especially mentioned were as follows: 
Professional Status, Education and Curricula, Re- 
study of Membership and Qualification, Public Rela- 
tions, Publications, Regional Sections, Food Legisla- 
tion and Food Regulations. The report was accepted 
and the Committees commended. Drs. Lueck and 
Goresline were instructed by the Council to organize, 
as a part of the program of the final day of the meet- 
ing to be held in Chicago, a symposium for the dis- 
cussion of the reports submitted under the recommen- 

dation of the Objectives and Planning Committee. 

(Continued on page 24 following Technical Section) 


The Institute of Food Technologists was formally organized at the second food technology conference held 
at the Massachusetts Institute of Technology July 1, 1939. The participants shown here included most of the 
Charter members of the new society, 
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Dietary Protein Requirements and 
Problems of Supplementation: 


(Manuscript received June 5, 1959) 


Dizrany PROTEINS are hydrolyzed 
in the gastro-intestinal tract to yield amino acids 
which are absorbed into the body to become building 
blocks for the synthesis of tissue proteins. Some 
twenty to twenty-two different amino acids are needed 
by the body for protein synthesis. Most of these acids 
can be synthesized in the body if sufficient amino acid 
nitrogen is supplied by the dietary protein. Certain 
amino acids, however, cannot be synthesized ade- 
quately so that they must be supplied in situ in the 
diet, and they are called indispensable (12). There 
are, for example, eight indispensable amino acids 
required for maintenance of adult tissue proteins in 
man. 


METABOLIC POOLS 


The assumption can be made that an amino acid 
metabolic pool is developed in every cell within the 
body, a pool that is available to specific enzyme sur- 
faces for tissue protein synthesis. Cellular pools can 
be considered as members of a common metabolic pool, 
integrated through intracellular fluids and the cardio- 
vascular system. Since a definite pattern of amino 
acids is needed for the synthesis of each kind of cellu- 
lar protein, the amount of synthesis would be cor- 
related with the limiting amino acid in the metabolic 
pool. Thus the indispensable amino acids, in general, 
would govern the rate and amount of synthesis of 
protein, a limited quantity below requirements of any 
one in the diet would result in limited synthesis of 
cellular protein. The proportion of one amino acid 
with respect to another in the pool, sometimes de- 
scribed as a balance, is important for optimum syn- 
thesis. The entrance of amino acids from the diet into 
the metabolic pools could alter this balance adversely 
if one indispensable amino acid was way out of pro- 
portion to the others, an adverse effect that could be 
attributed to an imbalance of the amino acids (6). 
Possibly the expression ‘‘pattern of amino acids”’ 
would emphasize this need to consider proportions in 
the following discussion of protein requirements and 
problems involving amino acid supplementation. 


The metabolic pools, together with the sites of pro- 
tein synthesis, form a framework for a dynamic state. 
Some cellular proteins may be described as being con- 
tinually broken down into and reformed from amino 

“ These studies were supported in part by a National Acade 
my of Sciences research grant RF-NRC-11 and a grant-in-aid 
from Buitoni Foods Corporation and Standard Brands, Inc. 
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acids in the pool. The lives of some tissue proteins 
are very short, others are longer, and still others 
contribute little to the common metabolie pool once 
they are formed. This dynamic state results in a con- 
tinual loss of amino acids from the body, most of those 
lost being oxidized in the liver to form urea which is 
excreted in the urine. A poor pattern of dietary amino 
acids, such as one deficient in an indispensable amino 
acid dumped into the body metabolic pool could not be 
utilized for protein synthesis beyond the limit placed 
upon it by this deficiency in pattern. Those dietary 
amino acids not utilized for protein synthesis are 
oxidized, thereby contributing to the energy supply 
of the body and increasing the excretion of urea above 
the amount which arises from the dynamic breakdown 
of various body tissue proteins. 


PATTERNS OF AMINO ACIDS 


These concepts suggest that the efficiency of utiliza- 
tion of dietary protein for building body protein is a 
function of the pattern of indispensable amino acids 
absorbed into the body (2, 3, 9, 10). The pattern of 
amino acids absorbed into the body is, in turn, a fune- 
tion of the chemical composition of the dietary pro- 
tein and its digestion into amino acids in the gastro- 
intestinal tract. The following discussion, therefore, 
will emphasize the amino acid pattern as it affects the 
daily protein requirements, correlating these require- 
ments with the need for calories and other dietary 
constituents. The requirements for growth and for 
maintenance will, in general, be considered separately. 

Data presented by Howard et al. (9) recently 
demonstrated an excellent correlation between the 
dietary level of ‘‘complete protein,’’ growth, growth 
rate, voluntary food intake, and the protein content 
of the carcass of rats. These results, together with 
numerous protein efficiency determinations which de- 
veloped from the original work of Osborne and Men- 
del (11), emphasize the good correlations between 
gain in body weight of the rat and the nutritive value 
of the dietary protein (8). A good method to illus- 
trate the effect of the pattern of amino acids upon 
growth in the rat is to plot nitrogen intake vs. gain in 
body weight as illustrated in Figure 1. These data 
were obtained by feeding different intakes of nitrogen 
in a semi-synthetic diet to male rats from weaning over 
a period of 28 days. The rate of increase in body 
weight with respect to nitrogen intake has been called 
the nitrogen-growth index, an index which is illus- 
trated by the slopes of the lines in Figure 1. The 
circles with horizontal bars record the gain in body 
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Figure 1, Gain in body weight of rats fed different intakes 
of egg nitrogen, ©; casein, ©; cottonseed meal, @; and wheat 
gluten, < over a period of 28 days. 


weight of male rates fed different egg protein nitrogen 
intake over a period of 28 days. The open circles 
illustrate data obtained while feeding male rats dif- 
ferent amounts of casein nitrogen over the same 
period. The closed circles and the crosses represent 
data obtained while feeding different intakes of cotton 
seed meal nitrogen and wheat gluten nitrogen respec- 
tively. The nitrogen-growth indexes were calculated 
for the dietary protein sources as follows: egg albumin, 
32; casein, 25; cottonseed meal, 14; and wheat gluten, 
6.6. These data can be interpreted to mean that 
approximately 1.7 g. of egg albumin nitrogen are re- 
quired for 50 g. of growth in body weight and for 
maintenance of the tissue proteins formed. It is diffi- 
cult to estimate the amount needed for maintenance 
separately from that required for growth but since 
the curves in Figure 1 do not go through the origin, 
the quantity needed for maintenance is illustrated by 
the X intercept. Assuming this requirement to be 
approximately 0.4 g. of albumin nitrogen, then 1.3 g. 
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TABLE 1 
Grams of total nitrogen and grams of amino acid provided for 50 grams gain in body weight of rats 


of nitrogen would be available for growth. This 
amount of nitrogen would be equivalent to approxi- 
mately 8 g. of tissue protein for growth, which would 
represent 16% of the 50 g. gain in body weight. 

The indispensable amino acids provided by egg, 
casein, cottonseed meal and wheat gluten for 50 g. 
growth in the rats are recorded in Table 1. Assuming 
adequate digestion of each protein, the last column in 
the table represents minimum intakes of each indis- 
pensable amino acid required for 50 g. gain in weight, 
intakes which may be assumed to be an approximation 
of minimum dietary requirements. These data demon- 
strate that casein is primarily deficient in the sulfur 
amino acids (methionine plus cystine) when compared 
to the egg pattern or the minimum pattern. Supple- 
menting casein with methionine increased -the index 
for casein to be equal to egg. Similarly lysine is the 
principal deficiency in wheat gluten. Supplementing 
wheat gluten with lysine increased the index toward 
the value for casein (4). 

A dietary protein, with a poor pattern of amino 
acids, therefore, must be fed in much higher concen- 
trations than one with a better pattern to produce 
similar responses in growth. To a certain extent the 
feeding of a poor pattern may be looked upon as an 
inefficient way to supply the amino acid building 
blocks needed for synthesis of new protein. The body 
is adapted, however, to oxidize the amino acids not 
utilized for protein synthesis, thereby increasing the 
formation and excretion of urea. Data have been and 
are being obtained to suggest that if the pattern of 
amino acids deviates too much from the optimum, 
simply feeding more of it to overcome a deficiency 
in indispensable amino acids does not develop a nor- 
mal body (2). Under such circumstances it may be 
necessary to feed such high intake of a foodstuff to 
provide the requirement for amino acid nitrogen that 
the calorie intake is excessive. The suggestion is made 
that if the ‘‘biological value’’ of the dietary protein 
is less than 60, the pattern of amino acid in the diet 
should be improved. The ‘‘biological value’’ is defined 
as the fraction of absorbed nitrogen retained in the 
body for protein synthesis (9). The ‘‘biological 
value’’ of wheat gluten for growth of rats is 40, a 
value which can be compared to a nitrogen growth 
index of approximately 7. If wheat gluten was the 
sole source of nitrogen for growth, some form of sup- 


Wheat gluten | Cotton seed 


Kee Casein + Wheat gluten | Min. values 
Total nitrogen 1.7 1.7 2.5 3.0 4.0 8.0 1.7 
0.63 0.41 0.61 0.69 2.0 1.8 0.41 
Histidine..... 0.25 0.32 0.47 0.37 0.66 1.0 0.25 
Isoleucine. 0.68 0.67 0.98 0.85 0.94 2.3 0.67 
Leucine.... ineveesennte “a 0.93 1.16 1.56 1.85 1.47 3.6 0.93 
ee inne — 0.76 0.86 1.3 0.90 1.07 1.0 0.76 
Phenylalanine pai 0.63 0.57 0.84 0.95 1.30 2.5 0.63 
0.35 0.55 0,80 0.52 0.65 1.4 0.35 
Total aromatic 0.98 1.12 1.64 1.47 1,95 3.9 0.98 
0.31 0.04 0.06 0.44 0.40 11 
Methionine...... 0.44 0.62 0.65 0.31 0.35 0.8 
Total sulfur.... 0.75 0.66 0.71 0.75 0.75 1.9 0.66 
0.52 0.48 0.70 0.52 0.88 1.4 0.48 
0.12 0.10 0.15 0.14 0.28 0.4 0.10 
0.80 0.78 1.15 0.80 1.23 2.1 0.80 
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plementation should be used to improve the pattern. 
Cottonseed meal protein, on the other hand, fed in 
sufficient quantities, should develop normal bodies. 


TECHNIQUE FOR STUDYING GROWTH RESPONSE 
TO A MIXED DIET 


The following data illustrate a practical applica- 
tion of this technique for studying growth response to 
a mixed diet. Since the principal consideration in 
these experiments was the determination of the nutri- 
tive value of the protein in various test foods, each one 
of these foods was integrated into a control diet that 
provided all nutrients, except protein, in adequate 
quantities. 

The gain in body weight of male rats fed different 
nitrogen intakes of the various foods over a period of 
28 days is illustrated in Figure 2. The open circles 
record data obtained while feeding the rats different 
intakes of casein nitrogen. The circles with cross bars 
represent data obtained when the rats were fed a high 
protein flour plus wheat germ plus yeast (Food I). 
The circles with horizontal bars illustrate the growth 
of rats fed different intakes of the high protein flour 
plus wheat germ plus gluten (Food II). The plus 
marks record the gain in weight of rats fed semolina 
plus wheat germ plus gluten plus egg (Food IV) while 
the X represents the growth when the rats received 
unsupplemented semolina (Food III). The slopes of 
the lines in Figure 2 are the nitrogen-growth indexes 
which vary as follows: casein, 20; Food I, 14.3; Food 
II, 9.4; Food III, 7.2; Food IV, 7.2. A similar spread 
of indexes was obtained in the female rat but in 
general the male rat with its greater rate of growth 
resulted in better differentiation between nutritive 
values of the various dietary proteins. Male rats have 
been used, therefore, in subsequent experiments. 
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Figure 2. Gain in body weight of rats fed different nitrogen 
intakes of various foods over a period of 28 days. 
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The data plotted in Figure 2 demonstrate the Food 
I (88% high protein flour, 5% defatted wheat germ, 
and 7% dried yeast) was much superior in protein 
quality than Foods II, III, and IV. Food II differs 
from Food I only in the replacement of yeast by wheat 
gluten. The higher nutritive value of Food I com- 
pared to II can be attributed to yeast as a supplement. 
Food III (durum semolina) was restricted in protein 
(11%) of low nutritive value so that growth of. the 
rats was reduced markedly when they were fed this 
food in the diet. The nitrogen intake was increased 
in Food IV by adding 10% wheat gluten, 5% wheat 
germ, 0.5% egg powder, and 0.25% dry malt extract 
with 84.25% durum semolina. Although the nitrogen 
intake was increased by the mixture in Food IV, the 
nutritive value was still as low as in the unsupple- 
mented durum semolina. This lack of improvement 
would be expected because the increase in nitrogen 
intake was obtained largely by adding wheat gluten 
which also is low in nutritive value with the same de- 
ficiency in lysine characteristic of the semolina pro- 
teins. The quantity of egg added was too low to 
result in much improvement in the nutritive value of 
Food IV. 

Previous studies have demonstrated that nitrogen- 
growth indexes correlated well with the development 
of tissue proteins throughout the body of the animal. 
Some dietary proteins, however, promote the forma- 
tion of body proteins more rapidly in one tissue than 
in another. A diet containing casein, for example, may 
have a relatively high protein efficiency but casein 
promotes the formation of body proteins in general 
more efficiently than the formation of plasma albumin. 
Thus feeding a casein diet always results in the de- 
velopment of a low but so called normal albumin/ 
globulin ratio. The data in Figure 3 illustrate this 
low ratio in rats fed either the low or the higher in- 
takes of casein. Feeding the low intake of the flour 
supplemented with wheat germ and yeast produced a 
relatively higher albumin/globulin ratio, a rise in 
ratio that was even more marked in animals fed the 
higher protein intake (18.7%). This same yeast sup- 
plemented fiour produced a maximum albumin/ 
globulin ratio of 0.71 in the female rat, similar to the 
results obtained in the male rats. An analysis for 
total liver protein in the female rats fed these several 
test foods demonstrated that the efficiency for syn- 
thesis of liver protein paralleled the efficiency for 
gain in body weight. Data illustrating the develop- 
ment of liver protein in the female rat are recorded 
in Figure 4. These data emphasize again the su- 
periority of the high protein flour supplemented with 
wheat germ and yeast when fed to provide 18.7% 
protein in the diet. 

These data demonstrate that the nutritive value of 
the protein in Food [| is superior to the other alimen- 
tary pastes as protein sources (Test Foods I, III, and 
IV). These data indicate also that Test Food I, when 
fed at the higher and more adequate protein intake 
developed the highest albumin/globulin ratio and had 
a favorable effect upon the magnitude of total liver 
protein. The nutritive value of the proteins in Food I, 
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however, is still below casein and the question was Thus experiments were completed to test the effect of 
raised as to whether the ordinary sauces added to such adding a meat sauce with cheese or a tomato sauce 
foods would increase the nutritive value still further. with cheese either to Food I or Food III. 


The effects of adding these sauces to either Food | 
or III on the nitrogen-growth index are illustrated in 


casein Figure 5. The open cireles record data obtained while 
é KY high protein flour + feeding Food I supplemented with meat sauce and 
nO wheat germ + yeast cheese. The circles with cross bars represent data 
2 Kx high protein flour + obtained while feeding Food I supplemented with 
a + tomato sauce and cheese. The squares illustrate data 
= semo +Ww germ+ resulting from feeding rats Food III supplemented 
——_wheat gluten + eqg_ with meat sauce and cheese (open squares) or with 
ec e Semolina tomato sauce and cheese (squares with cross bars). A 
= single line deseribes all of the data. Thus supplement- 
3 ing either Food I or Food ILI with cheese plus tomato 
f | tood 1+meat sauce + cheese 
0.5 
food 1+tomato sauce + cheese 
D food meat sauce + cheese 
2 tood I+ tomato sauce + cheese 
to] 
\ 
° 100+ 
E © 
uJ 
= 
a 
fe) | > 
protein 18.7 %protein 50 
Figure 3. Albumin/globulin ratios in rats fed different sources ™ 
and amounts of dietary protein. r4 
high rotein flour 0 2 4 6 
wheat germ eas 
high protein + NITROGEN INTAKE GM. 
wheat germ + gluten Figure 5. The effects of supplementing Foods I and III with 
gérm+ cheese and meat or tomato sauces. 
wheat gluten + egg 
£ semolina or meat sauces increased the protein quality to the 
E same value. But there is this outstanding difference 
o _ between Foods I and III. Food I with the higher pro- 
= tein content and supplemented with cheese and meat 
le provided sufficient nitrogen intake of high quality to 
s result in a good normal growth of the rats. Food II| 
o mT) supplemented with either tomato or meat sauce plus 
e the cheese, on the other hand, did not furnish suffi- 
4 7 cient protein intake to obtain normal growth of the 
rats. These results illustrate the importance of im- 
proving not only the nutritive value but also the 
~ quantity of dietary protein to meet the needs of body 
4 for tissue protein synthesis. 
DETERMINING THE AMINO ACID PATTERN 
\ NEEDED FOR MAINTENANCE 
11.2 % protein 18.7 % protein The determination of the amino acid pattern needed 


Figure 4. Data illustrating the development of liver protein in for maintenance can be illustrated by data calculated 
female rats fed different sources and amounts of dietary protein. for man and recorded in Table 2. These are minimum 
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‘ | Egg albumin | Milk 
Nitrogen intake, g. per day per 0.064 0.08 
kg. of body weight inieece 


25.8 | 32.6 
Leucine.. 35.0 | 78.0 
28.8 60.6 
Phenylalanine. 23.7 24.7 
Tyrosine.... 13.3 26.0 
Total aromatic............ 37.0 50.7 
16.5 12.5 

11.9 4.5 

28.4 17.0 

19.5 23.5 

4.7 7.2 

29.8 35.0 


values for maintenance and should not be taken as 
requirement for day-by-day living. The 0.064 g. of egg 
protein nitrogen, for example, would be equivalent to 
0.4 g. of protein per day kilogram of body weight. 
The 0.16 g. of wheat gluten nitrogen would equal 
approximately 0.9 g. of wheat gluten protein per day 
per kilogram of body weight. Present knowledge does 
not permit an accurate estimate of the optimum 
dietary protein requirement in man. This require- 
ment depends, somewhat, upon the need for and mag- 
nitude of so-called labile protein reserves. These re- 
serves are the tissue proteins that contribute to the 
metabolic pool, often rising and falling in quantity 
as the dietary protein is increased or decreased. It is 
not surprising, therefore, to find that the amount of 
dietary nitrogen needed to maintain tissue proteins 
varies with the magnitude of the ‘‘protein reserves’’ 
being low in the depleted state and high when the re- 
serves are full. Many of these reserves are cellular 
enzyme systems so that the depleted individual may 
be handicapped by a reduction in activity of these 
catalysts. The maintenance values in Table 2 repre- 
sent minimum values, not optimum intakes, which 
were calculated using biological values such as those 
reported by Hawley ef al. (7). 


ESTIMATING THE INTAKE RECOMMENDED FOR 
INDIVIDUALS ON A MIXED AMERICAN DIET 
The average intake recommended for individuals 

eating a mixed American diet might be estimated as 

follows : 

Taking the 0.4 g. of egg protein as a minimum and 
adding 50% to take care of need to maintain a higher 
level of protein reserves, the intake would be 0.6 g. of 
protein per day per kilogram of body weight. The 
‘*hiological value’’ of egg protein is assumed to be 
100 which means that all of this protein nitrogen is 
retained in the body for synthesis, provided, of course, 
that the nitrogen is not in excess of requirements. The 
‘biological value’’ of the average American diet is 
probably close to 70. If the value of 0.6 g. is taken as 
optimum when the ‘‘biological value”’ is 100, then the 
intake in the average American diet should be ap- 
proximately 0.9 g. of protein per day per kilogram 
body weight. 

There are items in our diet, of course, that have 
proteins of higher or lower biological values than 70. 


DIETARY PROTEIN REQUIREMENTS 


TABLE 2 
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Beef Casein 
0.096 0.094 0.114 0.16 | 0.064 


Mg. per kg. of body weight 


31.0 37.2 28.0 | 45.5 25.8 
47.0 58.5 49.0 71.8 35.0 
51.6 47.5 25.4 20.2 20.2 
23.4 31.4 34.4 50.2 23.7 
17.8 30.2 20.2 27.8 13.3 
51.2 61.6 54.4 78.0 387.0 
16.3 19.2 5.9 16.6 5.9 
8.7 2.3 8.1 23.7 8.1 
35.0 21.5 14.0 40.5 14.0 
26.7 26.4 19.5 28.0 19.5 
6.0 5.6 5.5 7.7 4.7 
31.0 43.0 31.8 42.5 29.8 


There is a possibility that nutritionists might have 
reason to improve single items where the pattern of 
amino acids is peor or where the protein content is 
low. Since improvement in a dietary amino acid pat- 
tern is essentially a change in the content of certain 
indispensable amino acids, some reference pattern is 
needed. The data in Table 3 illustrate the pattern in 
egg compared to a provisional reference pattern pro- 
posed by the Food and Agricultural Organization (5) 
and the minimum patterns for maintenance in man 
(see Table 2), for maintenance in the dog (1), and for 
growth in the rat (Table 1). Patterns such as these 
are often based upon tryptophan as unity. Lysine is 
sometimes chosen for the same purpose. Tryptophan, 
however, is utilized by the body for other purposes 
than protein synthesis and may be, therefore, more 
variable in requirement than amino acids more re- 
stricted in metabolic pathways. Lysine was not used 
as unity because the requirement may vary between 
growth and maintenance (10). Threonine was chosen, 
therefore, as unity to compare these various patterns 
one with the other. The FAO pattern was estimated 
from amino acid experiments in man. Based upon 
threonine as unity this pattern is very similar to egg 
except for tryptophan which is considerably higher in 
the FAO than in the egg pattern. The agreement be- 
tween the various patterns is, however, quite marked 
and if substantiated by further data should make an 
excellent basis for estimating amino acid needs of the 
diet. 


TABLE 3 
Essential amino acid patterns for maintenance and growth 
| Reference } Minimum for 
patterns | nitrogen equil. 
Egg FAO Man | Dog Rat 
Histidine......... ad |} 0.5 0.5 0.5 
Isoleucine........... 1.3 1.5 1.3 1.6 1.4 
Leucine...........+.. 1.8 1.7 1.8 2.3 1.9 
Lysine.... alanine 1.5 1.5 1.1 1.5 1.6 
Phenylalanine... 1.2 1.0 1.2 1.1 1.3 
Tyrosine....... 0.6 1.0 0.7 OB 0.7 
Total aromatic. 1.8 2.0 1.9 | 1.9 2.0 
Total sulfur......... 1.5 1.5 0.7 | 1.4 14 
Threonine....... 1.0 1.0 1.0 1.0 1.0 
Tryptophan......... 0.24 0.5 0.24 0.27 0.21 
Valine........ 1.5 1.5 1.5 1.5 1.7 


To obtain minimum requirement for maintenance in man, expressed 
as mg. of amino acids per day per kg. of body weight, multiply values 
in patterns by 19.5; for maintenance in the dog multiply by 44. To 
calculate grams of amino acid needed for growth of 50 grams in the rat 
multiply by 0.44 
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Such an estimation must take into consideration the 
rate of digestion of the protein and absorption of the 
amino acids. The chemical analysis of the diet for 
potential amino acids may not give an accurate esti- 
mate of the pattern of amino acids presented by the 
diet to the body. Animal feeding experiments may be 
required to check attempts to improve a pattern of 
amino acids by supplementation with either free 
amino acids or with another protein source. Indeed, 
such supplementation without accurate checks could 
lead to an amino acid imbalance rather than balance. 
In general, however, most foodstuffs either are or can 
be prepared through food technology or cooking pro- 
cedures so that the chemical analysis of the protein 
would be a good guide to the pattern of amino acids 
presented to the body. 

Emphasis must be placed also upon the total nitro- 
gen required by the body for maintenance and growth 
and the pereentage of this requirement which must 
be made up of indispensable amino acids. No concise 
experiments have been found in the literature which 
would determine the percentage of a good pattern of 
indispensable amino acids that must be provided with 
the amino acid nitrogen required for cellular protein 
synthesis. The assumption is made that the propor- 
tion of indispensable amino acids to dispensable 
should be similar to the proportion found in egg or the 
proportion represented by an analysis of the body of 
the animal. Certain dietary proteins may fall below 
the requirement for indispensable amino acids even 
though the pattern may be a good one for growth or 
for maintenance. Other proteins with a good pattern, 
such as egg proteins, may actually have excess indis- 
pensable amino acids for some periods of growth or 
maintenance in the animal. 


SUMMARY 


This discussion of protein requirements and prob- 
lems involving supplementation emphasizes the need 
to supply to the body adequate nitrogen for growth 
and maintenance, with sufficient of the indispensable 
amino acids in proper proportion for cellular protein 
synthesis. The average American diet may be said to 
meet this need. A good argument, however, ean be 
made for the improvement of single items in the 
American diet which may be major constituents or 
may become major constituents periodically in the 
diet of individuals. Such an improvement, however, 
should take into consideration the need for an overall 
balanced diet. Data were presented to show that 
simply improving the amino acid pattern without 
adjusting the protein intake to meet requirements 
would not be nutritionally adequate. Furthermore, 
the protein requirement should be related to the 


calorie intake and balance between carbohydrate and 
fat calories. The energy needs of the body receive first 
consideration in metabolism so that any deficiency in 
calories results in the oxidation of amino acids to 
supply energy, thereby depriving the body of these 
building blocks for cellular protein synthesis. Food 
technologists and nutritionists should give considera- 
tion to the establishment of proper balance between 
ealories and proteins in certain basie foodstuffs. 
Balanced foods should be provided for all ages. A 
good working rule might be that dietary constituents 
should be developed that will make it easy to balance, 
or possibly it might be said better that will make it 
difficult to provide an unbalanced diet to the family. 
Balance, of course, refers to an efficient protein in 
proper amounts, carbohydrate and fat calories, min- 
erals, the vitamins, and essential fatty acids all in 
optimum proportions. 
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How Canco research assures safety 
of new materials for food containers! 


Through exhaustive studies, 
Canco scientists assure the safety of 
materials used in food containers 


Safety of container-making materials is assured 
through comprehensive tests in the Canco research 
laboratories. Screening tests are made to determine 
the suitability of all new materials being considered 
for metal, fibre, or plastic food containers. 

Tests are designed to develop information impor- 
tant to the U. S. Food and Drug Administration. 
Preliminary screening tests generally involve short- 


term feeding studies with rats or guinea pigs. Data 
from these tests and details as to intended commer- 
cial use for the material are then presented to the 
regulatory authorities for evaluation. If additional 
information is considered desirable, this is obtained in 
a two-year feeding study using monkeys and other 
experimental animals. 

In this manner Canco determines the acceptability 
of its container materials from a public health stand- 
point. In two papers (1, 2) a typical evaluation pro- 
gram is discussed in detail. These publications are 
available upon written request to Dept. E, American 
Can Co., Research Center, Barrington, III. 


REFERENCES: (1) Ives, M. Safety Evaluation of Food Packaging Materials. Journal of the American Dietetic Assoc., (Apr.’57) 
(2) Ives, M., and Dack, G.M. Safety of Inside Enamel Coatings Used in Food Cans. Food Research, (Jan. ’57) 
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Complete Flavors for 
Prepared Cake Mixes 
and Prepared Icings 


Yes, the vast number of products that can be benefited 
by our complete or supplementary flavors is a surprise 

even to our research department where solving one 
problem inevitably leads to solving another. 


All the way from the many different prepared mixes to instant 
chocolate drinks, the findings of our food technicians 
have shown many makers the way to more delicious, distinctive 
flavors that are individualized for their own product. 


We would welcome any questions from Food 
Chemists about flavor or a visit to our laboratories. 


SPECIAL PRODUCTS DIVISION 


ANILLA LABORATORIES, Inc. 
The House of Creative Havou 


ROCHESTER, N.Y. 
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Food Additives 
Problems Facing the Food Technologist 


Two IMPORTANT PAPERS presented 
at the Food Additives Symposium, held at the annual 
meeting of the Institute of Food Technologists on 
May 20, were the review by Mr. Arthur A. Checchi of 
the FDA and the address by Dr. Oser. Mr. Cheechi 
deseribed basic requirements and provisions of the 
Food Additives Amendment and the procedures that 
must be followed to secure authorization for the use 
of a food additive. Dr. Bernard L. Oser, at the same 
Symposium, discussed some pressing problems con- 
fronting those who administer as well as those regu- 
lated by the law. Members are urged to read both 
papers carefully. 

It should be pointed out that the Amendment 
broadly includes any substance which may become a 
component of food and is not confined to substances 
deliberately added. Moreover, all provisions of the 
Amendment become fully effective on March 6, 1960. 
After that time an additive which has not been ap- 
proved or exempted may be deemed to be an adul- 
terant. Those concerned in any way with the manu- 
facture and use of food additives are advised to study 
the provisions of the Amendment and to take any 
necessary steps as soon as possible to protect their 
interests. 


The Symposium in retrospect 

Three other papers were presented at the Sympo- 
sium, following which the speakers answered ques- 
tions submitted by the audience. The Symposium 
was arranged by the Committee on Food Additives 
under the chairmanship of Dr. John F. Mahoney. 
About five hundred participated in the meeting. 

Dr. Richard D. O’Neill of the Syracuse University 
Research Corporation discussed the ‘‘Problem of the 
Package.’ Food packaging components which mi- 
grate into food become food additives under the new 
law and require toxicological study and regulatory 
clearance. On the other hand, demonstration that 
significant migration of the packaging component into 
the food does not occur removes the component from 
the scope of the Food Additives Amendment and is 
an important means for establishing the safety of a 
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food package. Dr. O’Neill’s article is to be printed 
in a forthcoming issue of the Food, Drug, and Cos- 
metic Law Journal. 

‘*Flavoring Agents as Food Additives’’ were dis- 
cussed by Dr. Richard L. Hall of MeCormick & Co., 
Ine. Dr. Hall’s paper was printed in the July issue 
of Foop TecHnoLocy. Flavor additives present un- 
usual problems under the Food Additives Amendment 
because of their large number, the very small quan- 
tities which are often used, and their self-limiting 
characteristics. 

Dr. Paul E. Johnson, Executive Secretary of the 
Food Protection Committee, reviewed the functions 
of this group as an advisory body for industry and 
public agencies on the public health use of food addi- 
tives and discussed some of the specifie activities in 
critical evaluation of information pertaining to indi- 
vidual additives or classes of additives, in compilation 
of information, and in development of general prin- 
ciples as guides to safe use of additives. Dr. John- 
son’s talk is also to be published in the Food, Drug, 
and Cosmetic Law Journal. 


Amendment becomes fully effective, March 6, 1960 


Only a few months remain before the Amendment 
becomes fully effective. The following statement, pro- 
vided by the Food and Drug Administration, is there- 
fore a timely reminder: 

The Food Additives Amendment to the Federal 
Food, Drug, and Cosmetic Act becomes fully effective 
on March 6, 1960. Food processors should note that 
after that date foods containing food additives which 
have not been approved under the Amendment may be 
deemed to be adulterated and subject to the regula- 
tory provisions of the Act. 


The clock is running. Processors who have not 
already determined whether the foods they produce 
and the ingredients they use require safety clearance 
under this Amendment should do so promptly; other- 
wise, they may find themselves unable to use certain 
materials after next March, and without adequate 
substitutes. 
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The Food Additives Amendment ° 


I: HAS NOW BEEN several months 
since the enactment of the Food Additives Amend- 
ment to the Federal Food, Drug, and Cosmetic Act. 
Undoubtedly during this period all of you have had 
occasion to wonder about it and to speculate as to 
what effect it’s going to have on your work. Many 
of you have already had some first hand experience 
in seeking to bring new developments into harmony 
with the requirements of this Amendment. 

Without going into great detail, I would like to 
discuss today some of the problems that this Amend- 
ment was intended to solve, the way it goes about it, 
and last, but by no means least, some of the responsi- 
bilities it places on both you and us. 

To really get an understanding of the background 
of the Amendment and to appreciate the develop- 
ment that brought it about, one should study the 
history of our National Pure Food Law from its 
beginning in 1906 to the present, and examine closely 
the prominent role played in it by the food tech- 
nologist. Because of the time factor, I shall not 
attempt any such review now. Suffice it to say that 
had there not been the remarkable advances in food 
technology that it has been our good fortune to wit- 
ness in the past few decades, it is unlikely that our 
pure food law would be what it is today. Techno- 
logical advances have in large part been responsible 
for these advances in consumer protection offered 
under the Federal Food, Drug, and Cosmetic Act. 

The present Act in its original form was enacted 
in 1938. Despite the efforts that went into the draft- 
ing and enactment of what we believe to be one of, 
if not the finest pieces of legislation of its type in 
the world, it had one major flaw with respect to its 
application to food. The law prohibited the addition 
in any quantity of any poisonous or deleterious sub- 
stance to food except where it was required or could 
not be avoided in its production. Although at first 
glance this may appear to do so, the fact of the matter 
is that it did not afford true consumer protection. 
This requirement also served, to a large extent, to 
retard technological developments in the food-field 
which potentially were advantageous to both industry 
and consumer. 

Adequate consumer protection was not available 
because the law did not require that an additive be 
shown to be safe before it could be used. On the 
contrary, it was incumbent upon the government to 
prove a substance to be poisonous and deleterious 
before its use could be prohibited. Thus, it was pos- 
sible to have substances in the food supply whose 
safety for such use had never been established. Food 
technology was retarded because if a highly useful 


* Presented at the 19th Annual Meeting, Institute of Food 
Technologists, Bellevue-Stratford Hotel, Philadelphia, Penna., 
May 20, 1959. 


Arthur A. Checchi 


Food and Drug Administration, U. S. 
Dept. of Health, Education and 
Welfare 


substance was found to be poisonous or deleterious 
in large quantities, its use, even in amounts known 
to be safe could not technically be permitted. 

You all are well aware, I am sure, of the great 
interest developed in this matter by Government, 
consumers, and industry, particularly when a House 
of Representatives Select Committee, commonly re- 
ferred to as ‘‘the Delaney Committee,’’ undertook 
investigations into the field of chemical additives to 
food back in 1950. Out of all this came the Food 
Additives Amendment—the legislation designed to 
close the loophole in the law that permitted the use 
of untested substances in food. Of added interest is 
the fact. that at the same time, the Amendment opens 
the door to greater technological developments. 


BROAD IMPLICATIONS AND APPLICATIONS 


This Amendment has very broad implications and 
applications. It warrants very close study by you and 
the rest of us who have to operate within its jurisdic- 
tion. It says, in effect, that any substance which may 
become a component of food, and that has not been 
shown to be safe for its intended use, as well as food 
containing it, will be deemed to be adulterated. There 
is no requirement that the substance be shown to be 
harmful—it is only necessary to determine that it 
is one whose safety has not been established under 
conditions specified in the Amendment for the use 
in question. 

The scope of the Amendment can best be visualized 
by examining the definition of a ‘food additive.’ 
Briefly, a food additive, with certain exceptions, is 
any substance that either directly or indirectly may, 
under the intended conditions of use, become a com- 
ponent of food. In order to really appreciate what 
the law covers look first at the exemptions and then 
bear in mind that everything else that may under 
its intended conditions of use reasonably be expected 
to get into food is subject to this law. 

The exemptions are, first and foremost, any sub- 
stance that is generally recognized by appropriately 
qualified experts as being safe for its intended use in 
food; second, any substance that was approved or 
sanctioned prior to the enactment of the Amendment, 
pursuant to the applicable provisions of the Federal 
Food, Drug, and Cosmetie Act, the Meat Inspection 
Act, or the Poultry Products Inspection Act. Such 
exemptions are limited only to the specific conditions 
set forth in the sanction. Such substances are not 
exempt for other uses. A third exemption goes to 
pesticide chemicals used or intended for use in or 
on taw agricultural commodities. These are subject 
to the Pesticide Chemicals Amendment to the Federal 
Food, Drug, and Cosmetic Act. While the Amend- 
ment does not specifically exempt coal tar colors, we 
do not think it applies to them because there are 
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THE FOOD ADDITIVES AMENDMENT 


specific sections of the Act dealing with them. As I 
have said, everything else that may be expected under 
its intended conditions of use to get into food is 
subject to the Food Additives Amendment. 

The Amendment deals with both direct and indirect 
additives. An example of a direct additive would be 
an emulsifier added directly to a food to improve its 
texture. An example of an indirect additive would 
be a substance which is not intended to get into food 
but does get in as a migrant from packaging mate- 
rial. The Amendment also specifically covers any 
source of radiation to be used on food and states 
that any food which has intentionally been subjected 
to radiation will automatically be deemed adulter- 
ated unless the radiation was administered in ac- 
cordance with a regulation or exemption in effect 
pursuant to the Amendment. 

The Amendment deals also with such substances as 
residues in meat, milk or eggs of drugs or their con- 
version products that have been administered to those 
animals which contribute to the human food supply. 
If such residues remain, they must be shown to be 
safe for human consumption. 

Any substance subject to the Amendment may not 
be used in or.on food except pursuant to a specific 
authorization secured in advance of its use through 
the clearance provisions of the Amendment. The law 
sets forth a procedure whereby any person wishing 
to use an additive may submit a petition requesting 
such authorization. The petition must set forth the 
name of the proposed additive, including its chemical 
identity and specifications. It must tell how the addi- 
tive is to be used and the technical effect that it is 
intended to achieve. It must furnish methods of 
analysis for determining the presence of the additive 
or its conversion products in or on food. Finally, it 
must set forth complete toxicity data showing that 
the additive is safe for its intended use. 

I shall not attempt to discuss the type of data that 
is required to establish the safety of a food additive, 
but for those of you who are interested in details in 
this regard, let me suggest to you that you review a 
publication of the Association of Food and Drug 
Officials of the United States, entitled, ‘‘ Appraisal 
of the Safety of Chemicals in Foods, Drugs, and 
Cosmeties.’’ It was written by members of our Divi- 
sions of Pharmacology and Food. 

Once the Food and Drug Administration has re- 
ceived a petition, it must, on the basis of the data 
presented in it and that otherwise available to it, 
decide whether or not the proposed additive may be 
permitted, and if so, under what conditions. When 
it is decided to permit the use of an additive, a 
regulation setting forth precisely the conditions under 
which it may be used is published in the Federal 
Register. It is significant that the order authorizing 
the use of the additive may or may not be in accord 
with the request in the petition. Likewise where 

after reviewing a filed petition it is concluded that 
the additive in question may not be permitted in 
food under any circumstances, a notice to that effect 
is published in the Federal Register. 
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RULES FOLLOWED IN REACHING A DECISION 


The law sets forth very specific rules that must be 
followed by the Food and Drug Administration in 
reaching a decision as to whether the use of an addi- 
tive may be allowed. These are: 

1) The available data must establish that the 
proposed use of the additive under the conditions 
to be specified in the regulation will be safe. 

2) No additive shall be deemed to be safe if it 
is found to induce cancer when ingested by man 
or animal or if it is found, after tests which are 
appropriate for the evaluation of the safety of food 
additives, to induce cancer in man or animal, This, 
in our view, says that no quantity, of such a sub- 
stance, even an amount that can be shown to be 
safe, can be allowed through regulation. 

3) The additive must not, under the proposed 
conditions of use, promote deception or otherwise 
cause a food to become misbranded or adulterated 
under any provision of the Act. 

4) Where it is necessary to affix a tolerance 
limitation in order to assure that the proposed use 
is safe, the tolerance set must not be greater than 
for the amount necessary to achieve the intended 
physical or other technical effect, and none will 
be permitted if the proposed use fails to accom- 
plish this effect. 


Once a regulation authorizing the use of an addi- 
tive has been published, then any person who wishes 
to use the additive may do so in conformity with the 
terms of the regulation without further clearance or 
approval from the Food and Drug Administration. 

There are provisions in the law that provide op- 
portunity for interested persons who are adversely 
affected by any order of the Commissioner to avail 
themselves of both Administrative and Judicial re- 
view of the order. There are other provisions in the 
Amendment to which I will not refer at this time. 
I do suggest however, that those of you who will be 
concerned with the matters, secure copies of the 
Amendment and the regulations that have been issued 
under it. 

It is still too early to be able to spot all of the prob- 
lems that the Amendment will create but a few have 
cropped up already. One is in determining whether 
a substance is entitled to be exempted from the man- 
datory clearance reqirements of the law on the basis 
that it is already generally recognized by experts as 
safe for its intended use. What constitutes such ree- 
ognition? Obviously where Government and industry 
disagree final decision must rest with the courts on 
individual case bases. However, in the meantime 
guide lines are needed. 

Let me tell you our concept. The law says that 
general recognition of safety may be based on evi- 
dence developed through scientific procedures, or in 
the case of substances used prior to January 1, 1958 
either through scientific procedures or experience 


based on common use in food. We foresee no prob- 
lem in recognizing safety based on published, reliable, 
scientific work. 


It is the fact that experience based 
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on common use in food may in some cases substitute 
for such scientific study that may present problems. 
We believe that ordinarily usage should be fairly 
widespread by one or more manufacturers, and the 
facts surrounding such use generally known among 
scientists before any exemption can be based on it 
in lieu of scientific study. The mere fact that a 
material may have been used with apparent safety for 
a number of years by a firm in substantial quantity 
does not, in our view, constitute a basis for exemp- 
tion if the facts surrounding its use are not generally 
available or known to competent experts. Thus the 
secret use of an additive does not necessarily qualify 
it for an exemption even though the person who has 
used it has unpublished but none the less reliable 
results of scientific studies which show the use to be 
safe. We think that generally substances in this 
category should be regarded as food additives subject 
to the clearance requirements of the Amendment. 

Perhaps you are aware of the fact that we have 
published lists of substances which we propose to 
exempt for those uses for which we think experts 
generally would regard them to be safe. Copies of 
the lists are being sent to hundreds of experts for 
comment. Where they agree with our opinion, such 
substances will be formally exempted. Where these 
experts generally do not recognize one of the listed 
substances as safe, it will be removed from the list 
and regarded as a food additive subject to proof of 
safety prior to use. | might add that we are placing 
only those substances that we think are generally 
regarded as safe on these lists. Where we have any 
questions in our minds we will not propose an ex- 
emption. One other point is that these are only par- 
tial lists and it should not be construed that we do 
not think that an unlisted substance may not be 
exempted under this provision. 

On March 5, 1960, the transition period in which 
the law allows industry to get its products exempted 
or authorized under the Amendment comes, for all 
practical purposes, to an end. Individual extensions 
for up to one additional year may be granted where 
a finding can be made that such an extension is nee- 
essary, and will involve no undue risk to the public 
health. We know that many firms are working hard 
toward making certain, wel! in advance of the March 
5, 1960 deadline, that their products are in compli- 
ance. We urge that all follow this example rather 
than to wait until the last minute and then to hope 
that they can qualify for an extension or get in just 
under the wire. Bear in mind that additives which 
have not been approved or exempted and foods con- 
taining them will be deemed to be adulterated. 

Based on our experience under the Amendment 
thus far it would seem that one of the more difficult 
problems that will need to be resolved by persons 
seeking authorization for the use of food additives 
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will be to furnish practicable methods of analysis 
for the determination of residues of the subtance in 
or on food. The identity of the additive itself should 
also be established and its reproducibility demon- 
strated. Methods of analysis for the additives them- 
selves can usually be developed, but as you well know, 
the quantitative determination of residues of an addi- 
tive in or on food, and of any substance formed in 
or on food, because of its use, frequently in amounts 
that are measured in terms of parts per million is 
by no means easy. Yet practicable methods of doing 
so will have to be developed. 

Much more could be said about the Food Additives 
Amendment and its effeet on your work; however, 
in view of the fact that I have already used up con- 
siderable of your program time I shall not go into 
the matter further. However, before closing, | would 
like to summarize briefly what in my opinion are the 
main points we should remember. 


MAIN POINTS TO REMEMBER 


The Food Additives Amendment is first and fore- 
most consumer protection legislation. It seeks to make 
certain that substances used in the food supply are 
first proven safe. It is advantageous to industry be- 
cause it permits the use in quantities that can be 
shown to be safe of useful additives that once could 
not be used at all. The price that the food technolo- 
gist must pay for this progress in law for which he 
is largely responsible is— 

1) He has to prove that the intended use of the 
additive will be safe. 

2) He must show in those instances where toler- 
ances are required to assure safety that the addi- 
tive achieves the intended technical or physical 
effect, and he must establish the minimum amount 
necessary to do so. 

3) He must furnish evidence as to the identity 
and reproducibility of the additive. 

4) He must furnish practicable methods for de- 
termining residues of the additive in or on the 
food and of any substance formed in or on the food 
because of its use. 


Let me assure you of the complete willingness of 
the scientists in the Food and Drug Administration 
to discuss with you at any reasonable time technical 
problems that may develop and our own views on 
the type of scientific data necessary to complete a 
petition under the Amendment. Likewise those of us 
involved in the administrative management of this 
Amendment will be very glad to diseuss procedural 
matters with you. We doubt that the Amendment 
will pose any real problems to you and are confident 
that through the exercise of the resourcefulness you 
have always demonstrated in the past, any that do 
arise will be disposed of quickly. 
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Some Pressing Problems Under the Food 
Additives Amendment of 1958° 


Tue FOOD ADDITIVES Amendment 
of 1958 is regarded as the most significant act of 
legislation affecting the technology of food produce- 
tion and distribution since the passage of the Federal 
Food, Drug and Cosmetic Act of 1938. With respect 
to additives in use prior to January 1, 1958, its 
mandatory provisions will not become effective until 
March 5, 1960. During the present year the concern 
of industry, and of the Food and Drug Administra- 
tion as well, has been directed largely toward the 
status of these so-called ‘‘old’’ food additives rather 
than to new food additives. Only a few petitions for 
new additives have been submitted for FDA approval 
and of these only a handful have been accepted for 
filing. 

It is already apparent that the new law is afflicted 
with the latent virus of adjectivitis. Unsuspected 
complications have set in and the prognosis at the 
present writing (March 29) is uncertain. The ambi- 
guity of such terms as ‘‘generally recognized,’’ 
‘qualified expert,’’ ‘‘practicable methods,’’ ‘‘ade- 
quately shown,’’ is the cause of considerable anxiety 
and uncertainty within the food, packaging, and 
chemical industries as well as in the administrative 
agency itself. One would think that the language of 
a criminal law would be clear and unequivocal, in- 
stead of which it has been considered necessary by 
many companies to consult the Food and Drug Ad- 
ministration with regard to the status of every sub- 
stance used in the processing or packaging of food. 
Although substances that are generally recognized 
by qualified experts to be safe under conditions of 
intended use are not food additives in the legal sense, 
the difficulties of evaluating safety simply through 
experience in common use are so overwhelming that 
the tendency is for the Food and Drug Administra- 
tion to regard most substances about which inquiry 
is made as falling under the statutory definition, i.e. 
as not generally recognized to be safe as used. Even 
substances believed to be exempt from the legal defi- 
nition by virtue of prior government sanction or 
approval under the food laws, are in danger of losing 
this status when reappraised according to present-day 
criteria. 

For these reasons there is an understandable re- 
luctanee on the part of many companies to present 
such questions to the Food and Drug Administration 
and an inclination to rely on their own experts’ 
appraisal of safety. This is entirely within their 
right under the new law. However, in view of the 


* Presented before the Food Additives Symposium, Institute 
of Food Technologists, Philadelphia, May 20, 1959. 
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Food and Drug Research Laboratories, 
Inc., Maurice Avenue at 58th Street, 
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uncertainties as to the status of additives with a 
long history of use, and the exigencies of the market 
place, chemical manufacturers and suppliers are be- 
sieged with requests to furnish documentary evi- 
dence of the acceptability, under the new law, of 
substances sold for use as food additives. Hence 
some companies are being forced to defer to the Food 
and Drug Administration for opinions, often with 
surprising or disappointing results. Moreover, the 
vast number of inquiries that have been presented 
and the far-reaching policy decisions which must be 
made within a relatively short period, have placed 
a tremendous burden on FDA, resulting inevitably 
in delays which have further complicated the prob- 
lem for the regulated industries. Many months will 
be required before this log jam will be broken and 
it appears doubtful that the present effective dates 
(even allowing for extensions) will prove adequate. 


“WHITE LISTS” 


The publication by FDA of proposed ‘‘white 
lists’’ has not progressed very far toward placing 
the stamp of approval on additives in past use, first, 
for the reason that the two lists that have thus far 
been proposed have not yet been promulgated as 
final orders; second, because they cover only a small 
fraction of ‘‘old’’ additives. Special interest attaches 
to the Administration’s proposals for flavor chemicals 
which constitute the largest single class of food addi- 
tives. With the knowledge and approval of the Food 
and Drug Administration, the Flavoring Extract 
Manufacturers’ Association is currently assembling 
data on some 90) substances used in food flavors. 
This industry-wide survey is probably the most com- 
prehensive ever undertaken for any class of food 
additives and it is estimated it will take many months 
to collect and summarize the data. Manufacturers 
and users of food packaging materials have expressed 
considerable interest in the possibility of white 
lists of packaging components, many of which are 
believed to migrate into foods in toxicologically 
insignificant quantities, if at all. 

On the ground that the law imposes the obliga- 
tion to protect trade secrets, the Food and Drug 
Administration has indicated that it does not intend 
to publish lists of substances exempt by virtue of 
prior sanctions or approvals. Even if certain manu- 
facturers or users of these substances were to release 
FDA from this obligation, the Administration is not 
inclined to publish such lists because they would 
necessarily .be incomplete. 
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THE REQUIREMENT FOR PRACTICABLE 
ANALYTICAL METHODS 


One of the most difficult problems attending the 
filing of petitions for food additives relates to the 
requirement that practicable analytical methods be 
submitted for the determination of the amount of 
the additive, or of any substance formed by reason 
of its use, in foods. Analytical methods are unques- 
tionably needed for enforcement purposes if toler- 
ance levels are established. However, the law does 
not contemplate that tolerance limits are required 
in every case. This is indicated by the language of 
Section 409 (c)(4) which, in describing certain ad- 
ministrative obligations, says ‘‘Zf, in the judgment of 
the Secretary, a tolerance limitation is re- 
quired in order to assure that the proposed use of 
an additive will be safe .”’ (emphasis supplied). 
It then goes on to describe how the intended physi- 
cal or technical effect will be considered in setting 
the tolerance. Other indications that tolerances are 
not always required are implicit in the first pro- 
posed white list which includes many substances for 
which no quantitative limitations are given. The fact 
is that the vast majority of additives are functionally 
self-limiting at levels well within the safe range. 
Such built-in limitations may arise by virtue of 
effects on the color, flavor, taste, or texture of foods 
or by virtue of the economic cost of excessive levels. 

The smaller the margin of safety between the use 
level and the potentially hazardous intake level, the 
greater is the need for an accurate and precise ana- 
lytical method. However, where the nature of the 
substance is such that no tolerance limitation need 
be established or where the margin of safety is very 
great, it would seem reasonable to reduce the burden 
of developing highly sensitive or specifie analytical 
methods so that chemists might devote their efforts 
to more fruitful or necessary activities. Failure of 
an analytical method to meet an arbitrary test of 
**practicability’’ should not per se constitute grounds 
for rejecting a food additive petition. The statu- 
tory requirement for analytical methods for additives 
and, especially for any substances formed because of 
their use, should be administratively considered in 
terms of the actual need to protect public health and 
safety, which, after all, was the principal objective 
of Congress in enacting this legislation. 


THE PRINCIPLE OF 
INCONSEQUENTIAL LEVELS 


Further examples can be cited to illustrate how 
administrative discretion must be applied in inter- 
preting this complex technical law. One concerns 
the recognition of the principle of inconsequential 
levels. The view that any finite amount of a sub- 
stance in food, however minute or indeterminate 
it may be according to the most refined analytical 
methods, demands regulatory control, seems unrea- 
sonable in the minds of many competent toxicolo- 
gists. It is well known that even the purest sub- 
stances contain what chemists call traces of impuri- 
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ties. To regard these as subject to the same regula- 
tory requirements as the substances they ‘‘contami- 
nate’’ seems difficult to justify. Ordinary table salt 
may contain a trace of arsenic yet it has never been 
thought necessary to set limits on the arsenic con- 
tent of a food by reason of the use of salt in its 
manufacture. 

Notwithstanding the fact that the unintentional 
use or misuse of chemicals has sometimes led to un- 
fortunate results, it is generally known that under 
conditions of intended use food additives have been 
used without demonstrable hazard to health. There 
is very little evidence to the contrary. One wonders 
how much better ‘‘qualified’’ experts are to judge 
that a substance has been in common use without 
suspicion of harm than are ordinary consumers of 
food. Experience has taught people that certain 
mushrooms are poisonous, that coffee tends to make 
some people nervous, that some foods have laxative 
properties, and that excessive amounts of fluorine 
cause dental mottling. On the other hand our know!- 
edge of the subtle or chronic effects of such sub- 
stances as certain heavy metals, coumarin, and certain 
synthetic sweeteners, came about as a result of labora- 
tory experimentation. 

The hesitaney of competent experts to base judg- 
ments of safety on experience alone, particularly 
when such experience is epidemiologically or other- 
wise uncontrolled, must be accepted as a foregone 
conclusion. Hence for practical purposes it may be 
advisable to accord ‘‘old additives’’ the presumption 
of safety under normal conditions of use, until the 
evidence indicates otherwise. 

The history of the regulatory control of foods and 
drugs has shown that it is necessary to revise judg- 
ments in aceord with newly developed laboratory 
observations or clinical experience. Section 409 (d) 
gives the Secretary the right ‘‘at any time, upon his 
own initiative, to propose the issuance of a regula- 
tion’’ (which may cover the amendment or repeal! 
of another regulation) governing the conditions under 
which an additive may be safely used. Bearing in 
mind the impossibility of assuring absolute safety 
for all persons, at all ages, and in any physiological 
state, it would seem that a policy of liberality with 
respect to additives having a previous history of use, 
would entail no serious risk to public health. 

The enforcement of a highly complex law such as 
the Food Additives Amendment, places a great bur- 
den of responsibility upon the administrative agency 
and at the same time demands a high sense of reason- 
ableness and discretion for its interpretation. Legis- 
lators cannot be expected to anticipate every nuance 
of meaning that can be wrung out of the general 
terminology of a basically technical statute. In its 
enforcement the administrative agency should bear 
in mind the stated essential purpose of the law. 
Congress proscribed tolerances for substances which, 
upon ingestion by man or animal, are found to in- 
duce cancer. Nevertheless it would require a far 
stretch of the imagination to suppose that it in- 
tended this to apply to any level of dosage, in any 
species of animal, fed for any length of time, or that 
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The educated dieter 
who helps sell 
products containing sugar 


It may surprise dieterstp 
them stick to their guns hes 


Here’s how the new Sugar a 
advertising gets this across: 4 
Controlling weight is 
simply a matter of 


controlling appetite 


Nothing satisfies appetite 
as fast as sugar, and 
products containing sugar— 
including canned goods 


PLO 


How sugar can help you 
=o stick to your diet 


The tag problem with dieters 
ts making smaller portions dc 


How can you eat leas, yet 
leave the ta 


The girl with the fruit cocktail in this Sugar 
Information ad helps tell 80 million Americans 
all 3 reasons for including sugar in the diet: 
to satisfy appetite, to provide quick energy, and 
to enhance flavor. In addition to being informa- 
18 CALORIES! tive, this ad is designed to sell more sugar and 
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SUGAR INFORMATION, INC. 


New York 5, New York 


SUGAR means sucrose (both beet and cane) 
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*Among the North American Indians, lean meat, 
dried and pounded fine, packed in sacks of hide. 


*PEMMICAN 
KEPT FOR MONTHS 
IN THE SUN 
But Tasted Like 
Baked Leather 


Long before Columbus first put foot upon the 


New World . . . the North American Indians 


were preserving meat by a basic process of dehydration. They called their product pemmican 


... and while it served the purpose of light weight and long shelf life, its miserable taste 


discouraged even hardened explorers. Today, dehydration as a preservative method is finding 


important new uses, and industry, spurred by successes of the Army Quartermaster Corps, is 


going all out in the development of dehydrated soups, sauces, gravies, dressings and even 


entire meals such as meat and noodles, chili con carne and chicken-a-la-king. Working hand in 


hand with the food technologist is the flavor chemist. It is his job to see that the convenience 


advantages of dehydrated products are not nullified by poor or insipid taste appeal. The D&O 


Dry Materials Division has put intensive research effort into the development of DOLCO- 


SEAL (spray dried) flavors and seasonings whose locked in flavor properties meet the specia) 


requirements for modern dehydrated food products. Let DOLCOSEAL (spray dried) flavors 


help you give your customer for dehydrated products pleasure... not pemmican! 


p jor You Our 161st Year of Service 4 
paventially DODGE & OLCOTT, INC. A 
180 Varick St., New York 14, N. Y. ESTABLISHED 1798 


Sales Offices in Principal Cities 


Essential Oils Aromatic Chemicals 
Perfume Bases Flavor Bases Dry Soluble Seasonings 
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‘‘inducing’’ might apply to any relationship however 
remote the effect from the cause. Unless the so-called 
Delaney clause is interpreted with due regard for 
what have, until now been scientifically regarded 
as cancer-inducing substances, it is bound to lead to 
paradoxical situations, wholly unrelated to the ques- 
tion of public health. For example, certain estrogenic 
substances considered suspicious from the standpoint 
of carcinogenesis, may be prohibited as food addi- 
tives but permitted as drug residues or as natural 
constituents of food. Likewise certain aromatic sub- 
stances could be prohibited as food flavors or colors if 
produced synthetically but permitted if they occur 
naturally. 


EFFECT ON THE FUTURE OF 
FOOD TECHNOLOGY 


The future course of food technology is likely to 
be markedly affected by the way the Food and Drug 
Administration translates into action the intent of 
Congress in adopting the new law. The promulga- 
tion of regulations under the basic statute, which 
might tend to cast it in too rigid a mold, may prove 
embarrassing for both industry and the government 
alike. For example, the recommendation of a 100- 
fold safety factor, that is to say a 100-fold margin 
between maximum tolerated level in foods and the 
maximum no-effect level in the diet of experimental 
animals, could readily lead to awkward situations, 
resulting ultimately in more departure from, than 
adherence to, the rule. A 100-fold safety factor could 
not be applied to the vitamins and minerals used for 
enrichment purposes; it could lead to the exclusion 
of additives that might very well be used with im- 
punity at lower safety ratios. This is just another 
instance where the discretionary authority needed in 
the interpretation and application of toxicological 
data is not served by setting down hard and fast rules, 
even though they might be considered only as bench- 
marks. 

The responsibilities and obligations placed on the 
shoulders of industry by virtue of the Food Addi- 
tives Amendment are creating many new problems. 
The cost of testing, evaluating, and petitioning under 
the law are of an order of magnitude that small com- 
panies cannot afford. This will result in shifting 
of the responsibility to the larger, basic producers 
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and suppliers of chemicals and will undoubtedly lead 
toward concentrating this business in the larger 
corporations. The Food and Drug Administration 
recognizes this situation as it affects the small manu- 
facturer but disclaims any responsibility for it. The 
cost of establishing the safety of a food additive is 
no less for a small manufacturer than it is for a 
large one. One solution to the problem is for smaller 
companies to pool resources and facilities either 
through trade organizations or through ad hoe in- 
dustry groups. This has proved feasible where prac- 
tives within an industry are more or less commonly 
known or can be agreed upon. It is not consistent, 
however, with the protection of trade secrets, such 
as the law recognizes. Certain groups of companies 
or trade associations are already working out these 
problems satisfactorily but there is ample evidence 
that some companies are directing their research and 
development programs in such a way as to avoid the 
possibility that food additive problems will arise 
as an outcome of their efforts. 

Unless substances which may become components of 
foods are either generally recognized as safe by quali- 
fied experts (and hence not legally ‘‘food additives’’) 
or are exempt under the statutory definition, or are 
the subject of regulatory orders or extensions by 
Mareh 5, 1960, their continued use will be illegal. 
In view of the slow progress that has been made with 
respect to establishing the status of food additives 
since enactment of the law, it would seem to be almost 
inevitable not only that extensions will be requested 
of the Food and Drug Administration, but that Con- 
gress will be requested to authorize such extensions 
beyond the present one year limit. 

The experience of independent laboratories indi- 
cates that relatively few food additives in current 
use which require chronic toxicity testing, are actually 
being investigated. This is due largely to the present 
indecisive status and the desire of industry to await 
the publication of white lists by FDA. If such in- 
vestigation should not commence until March, 1960, 
when their position under the law may be more clearly 
established, it will obviously require almost three 
years before any conclusion based on chronie toxicity 
studies can be reached. The initiative for urging 
Congress to authorize extensions beyond March, 1961 
will doubtless have to come from industry. It is not 
too early to begin thinking about such action now. 
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Design of Freeze-Drying Equipment for the 


Dehydration of Foodstuffs: 


(Manuscript received May 21, 1959) 


Aurnoven FREEZE-DRIED MEAT and 
other foodstuffs, prepared by dehydration of frozen 
material under a high vacuum, have been of consider- 
able interest for over ten years, negligible progress 
has been made towards their manufacture on a com- 
mercial seale. The urge for development has been 
confined largely to the armed forces who require these 
products for inclusion in military field and packaged 
rations. Civilian uses for freeze-dried meat have also 
been suggested, for example, to add to dehydrated 
soup mixes, for use by campers, cottage dwellers and 
sportsmen and for supplying communities in isolated 
regions such as the Canadian Arctic. 

These outlets might be enough to encourage a small 
commercial production if satisfactory equipment were 
available. The freeze-drying facilities installed at the 
present time in North America were designed in the 
first place to dehydrate pharmaceuticals and have dis- 
alvantages when used to process foodstuffs. Indus- 
trial production of freeze-dried foods for military or 
civilian consumption requires the development of 
special equipment to carry out the process economi- 
cally and under optimum conditions. 

Batch type freeze-drying equipment consists, basi- 
cally, of one or more vacuum chambers, a pumping 
system and a source of heat to sublime the ice from 
the product being dried. In conventional pharma- 
ceutical drying equipment, the material is laid on 
shelves which are heated during the drying cycle. The 
speed of drying is very slow (Table 1) and, primarily 
for this reason, the is uneconomical when 
applied to relatively low cost foodstuffs. 

It has been made clear elsewhere (3, 7) that, for 
practical purposes, the rate of drying depends on the 
the heat input, and several methods of increasing the 
rate of heat transfer have been deseribed (Table 1). 
These developments, however, present problems of 
their own in operation, and the additional equipment 
required may be expensive, thereby offsetting the 
economic advantage of the shorter drying cycle. 


process 


Abelow and Flosdorf (1), and also Powers et al. 
(10), have made use of radiant heat from blackened 
heating shelves to supply heat of sublimation to 
freeze-drying material, but did not attempt fully to 
determine the optimum conditions of drying. These 
conditions have been investigated, and this paper de- 
scribes how radiant heating can be used to operate a 
moderately fast freeze-drying process. The material 
to be dried is supported on an aluminum tray between, 


* Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, Philadelphia, May 19, 1959. 

Defense Research Medical Laboratories Report No. 
PCC Proieet No, D50-78-03-01. 
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but not in contact with, heating plates and the radiant 
heat transfer regulated by controlling the tempera- 
ture of the tray with a thermostat. 

The process has the advantage that the equipment is 
no more elaborate than that used for conventional 
freeze-drying. Radiant heating may, however, be 
used also in conjunction with spiked plates (3), to 
achieve very rapid drying of thick meat slices. 


EXPERIMENTAL AND RESULTS 


The development of equipment and drying technique. 


Conversion of freeze-drier. The freeze-drier, a Stokes’ Indus 
trial Model No. 2005 FX-4 which has been described elsewhere 
(2, 3), was modified by removing the hollow drying shelves 
(heated by circulating oil) from the vacuum chamber, and 
replacing them by electrically heated plates. 

The small heating plates used in most of the experiments 
were constructed from 1 Kw heating rod, suitably bent and 
clamped between aluminum sheets 16 in. x 12 in. x 4g in. A 
variable transformer was used to adjust the eleetrical input to 
the heating plates. Radiating surfaces were painted a dull 
black; non-radiating surfaces were insulated with 
sheet or board. 

Temperature control. For drying, the material frozen on an 
aluminum tray was supported between, but not in contact with, 
pairs of heating plates so that transfer of heat to both top and 
bottom surfaces was entirely by radiation. When heat transfer 
is by means of radiation, the exchange of radiant energy be 
tween wo surfaces, in this case the heating plate and the meat, 
is proportional to the difference of the fourth power of the r 
respective absolute temperatures. Control of the surface tem 
perature of the drying material presents difficulties (7). How 
ever, the method used in this work was found to be very satis 
factory. The temperature of the tray and therefore the surface 
temperature of the material was controlled at or about 50° C. 
by means of a thermostat, the sensing thermocouple of which 
was connected to the tray. The thermostat activated an on/o 
switch in the heater cireuit. 

The temperature of the heating plates rose initially to be 
tween 90° and 140° C, while the tray temperature inereased to 
about 50° C. and then remained constant (Figure 1). As the 
heat requirement diminished the heating plate temperature 
declined to between 50° and 60° C. The power output to main 
tuin the heating plates at an appropriate temperature was con 
trolled by the thermostat through the switch. Unless otherwise 
stated, the voltage input to the heating plates was not altered 
during each drying cycle. Temperature control was automatic 
by the thermostat alone. 

In preliminary work using pairs of small plates the thermo 
stat employed had a differential of 5° C. above the setting 
Later a eam type program controller with vane type electric 
contact control was employed. In order to carry the heater 
load, the load cireuit of the controller was used to energize the 
eoil of a power relay. Temperature control was achieved with 
a differential of less than 1° C. There is also an inevitable lag 
in the radiant heating which causes the temperature of the tray 
to vary above and below the set temperature of the thermostat 
(Figure 1). Using the more sensitive control the deviation from 
50° was no more than —2° to +5°C., tending to be slightly 
greater at the end of the cycle than at the beginning. Use of 
the less sensitive thermostat gave wider variations, for instance 
when this was set at 40° C. the temperature of the tray varied 
between 38 and 60°C. There was no indication, however, that 
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DESIGN OF FREEZE-DRYING EQUIPMENT 


TABLE 1 
Freeze-drying techniques used in the processing of foodstuffs 


| Conventional hot-shelf | Vacuum contact-plate drying 
} drying | (accelerated freeze-drying) 


References 5,7,10, 13, 14, 15 6, 8, 9, 12 
Estimated time required 16-24 4-7 
to dry layers % in. 
thick (hr.) 
6-12 
1 in. thick (hr.) 36—48 


By contact above and below 
with moveable heated 


Method of heat transfer By contact with 


heated shelf plates 


Specialized equipment 
required plates and maintain 
contact with meat 
| Thermostatic 


Method of temperature Thermostatic 


control 


Moderately rapid drying is 
being performed on large 


Particular advantages | Large scale facilities 


available in U.S.A. scale in U.K. 


Particular disadvantages | Slow drying rate 


degree of contact 


such wide fluctuations in temperature caused thawing and re 
freezing of the undried portions of the meat. However, the 
more sensitive temperature control was preferred because the 
particular temperature conditions under which dehydration 
takes place could be defined more precisely. In all experiments 
referred to subsequently this thermostat was used to control the 
temperature. 

Freeze-drying using radiant heating plates. A typical drying 
eycle using one pair of small radiant heating plates is per- 
formed as follows. The meat may be raw or cooked, in the form 
of steaks, chops, slices or patties and, for short drying cycles, 
up to % in. in thickness. The pieces are arranged on an alumi- 
num tray, lower side blackened and, when required, another 
sheet of aluminum, upper side blackened, is laid on top. After 
freezing the meat, the tray or ‘‘sandwich’’ is placed between 
the radiant heating plates in the vacuum chamber, so that there 
is a gap of from 4 to % in. at the top and bottom. The tem 
perature-controlling thermostat, set at 50° C., 
the tray and the chamber evacuated to 0.5 to 1.0 mm. of mer 
cury, absolute pressure. 

Power is supplied at a level of 240 watts for each heating 
plate (180 watts/sq. foot of radiating surface), the tempera 
ture of the tray reaches 50. C. after about 1 hour, and drying 
is complete after 6% to 7% hours. The characteristic changes 
of temperature with time during drying are shown in Figure 1. 
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1. Dehydration using electrically heated plates. 


Lever mechanism to move 


Necessity for adjustment of 
lever mechanism during 
cycle to ensure optimum 


Spiked plate drying Infra-red Micro-wave drying 


7, 9, 11, 14, 16 4; %. & Bs 


16-24 2-6 


36—48 2-6 


Micro wave 
radiation 


By contact with Infra-red radiation 
aluminum spikes 


from heated plates 


Spiked plates Electronic micro 


wave equipment 


Infra-red heaters 


Thermostatic Energy input Energy input 
Rapid drying of 
thick pieces 


Rapid drying of 
thick pieces 


Spiked plates diffi 
eult to load and 
unload 


Temperature 
control difficult; 
maintenance of 
electronic equip- 
ment requires 
skilled staff 


Slow drying rate; 
temperature con 
trol difficult 


A typieally freeze-dried product is obtained, with no sign of 
thawing or pigment fading due to heat damage, and an aver 
age moisture content between 1 and 2%. 


Factors controlling transfer of heat and 
length of drying cycle. 

The effect of the tray. The material used as the tray or to 
cover the meat layer in the ‘‘sandwich’’ has an effect on the 
rate of drying. Drying is quickest when the meat is supported 
on a tray of expanded aluminum and the tep left uncovered, 
for in this way the radiant heat is absorbed more or less directly 
by the meat itself. Use of a cover on the meat layer to form a 
‘*sandwich’’ has, however, the advantage of preventing warp- 
ing and eurling during drying and subsequent difficulties in 
packaging the product. This is particularly important when 
thin slices of cooked meat are dried. It has been shown (3) 
that the meat pieces may be subjected to a pressure of up to 
0.2 lb. per sq. inch due to the weight of the covering plate, with- 
out hindering the escape of water vapour. 

Heating plates. The temperature of the radiant heating plates 
rises to a maximum during the initial phase of drying (Figure 
1) in which the tray temperature reaches 50° C., and then 
gradually falls until at the end of the eyele it is only 5 to 10° C. 
above the tray or meat temperature. 

An inerease in voltage input reduced the time taken for the 
heating plates to reach their maximum temperature and for 
the tray temperature to reach 50° C., but this was not reflected 
in a similar reduction of the drying time. In a series of experi- 
ments this warm-up period varied between 30 minutes (power 
output 250 watts/sq. foot of radiating surface) and 1% hours 
(power output 120 watts/sq. foot). The drying times, however, 
varied only between 4% and 5 hours. 

The size of the gap between the meat and the radiant heat- 


ing plates may be varied over 
without markedly affecting the 
Satisfactory drying rates were 


a range of at least 4% to 1 in. 


rate of dehydration (Table 2). 
also achieved when the gap at 


the top was inereased to 


% in. while maintaining the bottom 


gap at % in. A wider radiant heating gap leads to a higher 
miuximum heating plate temperature (Table 2) and, to avoid 
heat damage, care must be taken to ensure that the controlling 
thermocouple is attached to the tray or cover adjacent to the 
narrower gap. For routine freeze-drying the praetice has been 
to connect the temperature controlling thermostat to the lower 
plate of the meat ‘‘sandwich’’ keeping the gap at the bottom at 
\% in. while the gap above the meat may vary between 4% and 
1 in. 

Satisfactory drying rates are also achieved when the radiant 
heating plates are restricted to temperatures less than 100° C, 
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TABLE 2 


The effect of varying the size of the gap between the radiant 
heating shelves and the meat layer 


Maximum 
temperature! of 


Length of drying? 
heating plates cycle 


Upper gap Lower gap 


(inches) (inches) (* 0.) | 
% 120 
Ly 125 | 
140 
160 
120 
% 120 | 
' Power output of heating plates, 170 watts/sq. foot of radiating sur- 
face; thermocouple connected to lewer plate. 
* Thickness of ground beef layer %g@ inch. 


This is of importanee, because heating shelves utilizing hot 
water circulating at thermostatically controlled temperatures 
up to 100°C. are common in vacuum-driers and may be pre- 
ferred over electrically heated shelves. 

In experiments where, by adjustment of the power input, 
the radiant heating plate temperature was not allowed to exceed 
90° C., drying of ground beef in layers % in. in thickness on an 
expanded aluminum tray was achieved in 5% hours. A drying 
time of about 5 hours is required when electrically heated 
plates are used without temperature restrictions. The changes 
in temperature during drying are shown in Figure 2. It is of 
interest that no thawing occurred at the meat surface when the 
temperature of the heating plates was raised to 95°C. in as 
short a period as 8 minutes. 


100 


RADIANT HEATING 
PLATES 


° 
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40 
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4 6 
TIME (HOURS) 


Figure 2. Dehydration using plates heated to 90° C. maximum. 


Effect of variation in thickness of the meat layer. As in all 
methods of freeze-drying except those making use of dielectric 
heating or heated spiked plates, the time required for drying 
inereased with increasing thickness of the meat layer. Relative 
drying times under typical conditions, for ground beef patties 
and beef steaks of varying thickness are given in Table 3. 

Large heating plates. The large heating plates were made to 
investigate the uniformity of direet electrical heating over a 
wide surface area. Each plate was constructed by clamping 8 


TABLE 3 
The relation between the thickness of the meat layer 
and the time of drying 


Thickness of slice 
or layer 


Meat 


Raw beef slices (hours) 
4% to 5% 
6 to 7% 

10 toll 


(inches) 


4% to 5% 
5% to 6% 
6 to 7% 


strip heaters, each 3 ft. x 1% in. and totalling 2 Kw, between 
aluminum sheets, 3 ft. x 2 ft. x % in. The radiating surface 
was blaekened and the non-radiating surface insulated with 
asbestos board. In a typical experiment 2 aluminum trays each 
2 ft. x 1% ft. were filled each with 7% lb. of ground beef 
frozen in a layer % in. in thickness and inserted between the 
heating plates. The thermocouple from the temperature control, 
set at 50° C., was attached to the rear tray. During drying the 
temperature of this tray varied between 48° and 55° C., and of 
the front tray between 45° and 52°C. Drying was complete 
for each tray load in 7% hours, and no fading of the meat 
pigment due to excessive heating was observed. 

Multi-heating plate unit. To examine the uniformity of drying 
in a multiplate unit, eight small heating plates were arranged 
in a frame so that 7 trays of meat could be placed between 
them for drying (Figure 3). The top and bottom of all plates 


Figure 3. Radiant heating-plate unit with eight heating plates 
and seven trays of meat. 


were blackened and no surfaces insulated. The thermocouple 
from the temperature control was attached to the tray inserted 
in the centre space and the radiant heating of all 7 trays con- 
trolled through it. Of particular concern was the variation, if 
any, in the rapidity of drying between the top, bottom, and 
centre sections. The top and bottom plates radiate heat into 
the drying material from one side only, the other 6 plates from 
both sides. 

In a typical experiment ground beef (2 lb. + 1 oz.) was 
spread in a layer about %g¢ in. in thickness over each of seven 
aluminum trays 12 in. x 11 in, After freezing these were placed 
one in each space, supported % in. from each heating plate. A 
power output of 120 watts/sq. foot of radiating surface was 
used. 

The trays reached the control temperature of 50° C. in about 
2 hours; the uniformity of radiant heating was satisfactory, no 
tray exceeding a temperature of 56° C. The temperature of the 
outside heating plates followed the temperature of the centrally 
disposed plates within 5° C., over a range of temperature simi- 
lar to that shown in Figure 1. All trays of meat were com- 
pletely dry after 6% hours. 

Freeze-drying with spiked plates. In this process (2,3), 
which enables thick slices of meat to be dried uniformly and 
rapidly, the meat is sandwiched between plates fitted with 
aluminum spikes. Heat is conducted through the spikes into 
the meat and drying takes place not only from the surface but 
around each spike. 

Beef steaks and pork chops, % in. to 1 in. in thickness have 
been dehydrated using spiked plates in combination with both 
the small and large radiant heating plates. The gap at the top 
and bottom was about 4 in. and the power output of the heat- 
ing plates was 340 watts/sq. foot. These reached a temperature 
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DESIGN OF FREEZE-DRYING EQUIPMENT 


of 120° to 140° C. during the initial part of the cyele then 
gradually cooled to between 50 and 60°C. while the spiked 
plates maintained a temperature of between 48° and 55° C. 
Drying took from 4 to 5 hours as described by Brynko and 
Smithies (3). 


Control of thawing during loading and evacuation. 


In large seale drying, up to 30 minutes may be needed to load 
the chamber and reduce the absolute pressure below 2-3 mm. of 
mercury, ond the tendency of the frozen material to thaw dur- 
ing this time presents a serious problem. Thawing occurs most 
readily when, es in conventional freeze-drying, the pieces are 
laid in contact with a shelf, and even when meat slices are dried 
in laboratory equipment it is difficult to avoid a slight harden- 
ing of the bottom surface due to this. If thawing becomes 
more general, during the subsequent evaporative freezing, 
meat juices are lost and the texture and flavour deteriorate. 

When meat slices or ground meat patties frozen at —20° C, 
are thawed the temperature rises relatively quickly to about 
’ C., after which the rise is slower while latent heat of fusion 
is taken up and the meat gradually softens. In conventional 
freeze-drying in which the frozen meat is laid on a metal shelf 
at 20 to 25° C. its temperature rises from —20° to —5° C. over 
5 to 10 minutes and the meat becomes soft in 20 to 30 minutes. 

Thawing occurs more slowly when, as in the typical radiant 
heating procedure, the meat, frozen on its tray at —20° C. is 
placed between, but not in contact with, the heating shelves. A 
period of 15 to 20 minutes is required to reach —5° C, and the 
meat slice is still ‘‘hard’’ after 30 minutes. When the radiant 
heating shelves are at a temperature of between 50 and 55° C., 
however (as at the finish of a drying cycle), the temperature of 
the frozen meat rises to —5° C. in 5 to 10 minutes and becomes 
soft after about 30 minutes. 

Good control of thawing is therefore possible when radiant 
heating is used as long as the shelves are cool, and no difficulty 
has been experienced in avoiding localized thawing of meat 
during laboratory experiments with radiant heating. 


—5‘ 


DESIGN OF A LARGE-SCALE DRYING UNIT USING 
RADIANT HEATING FROM HOT PLATES 


The use of radiant heating makes it possible to 
design a large unit, essentially as simple to construct 
and operate as a conventional freeze-drier but capable 
of reducing the length of drying cycles by over one 
half. 

The more important features of such a drier, based 
on the Stokes’ vacuum chamber fitted to the freeze- 
drying equipment at the Defence Research Medical 
Laboratories, Toronto, have been worked out. This 
chamber is 35 in. in height, and can be fitted with 
shelves 3 ft. x 2 ft. in dimension. Electrically heated 
shelves may be constructed 34 in. in thickness; the hot 
liquid heated hollow shelves fitted as original equip- 
ment to the Stokes’ vacuum chamber are 1 in. thick. 
A spacing of 11% in. between the shelves makes it 
possible to dehydrate layers of meat or other material 
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from 4 to %4 in. in thickness placed on or between 
trays \% in. in thickness, using a gap of 4 in. between 
each radiant heating plate and the lower tray. The 
space between the meat and the top heating plate 
varies between 14 and 7% in., depending on the thick- 
ness of the layers. Fifteen electrically heated shelves 
(34 in. in thickness) can be installed with spaces for 
14 trays, or 14 hot water heated shelves (1 in. in 
thickness) with spaces for 13 trays. 

In the case of the electrically heated shelves, to 
obtain a power output of about 170 watts/sq. foot of 
radiating surface, a total of 2 Kw per shelf is required. 

When drying cycles are to be repeated at short 
intervals, hot water heated shelves have an advantage 
because they can be cooled down quickly at the end of 
a cycle, and thawing of the frozen material during the 
subsequent loading aad evacuation may be avoided. 
A light weight construction is preferred for elec- 
trically heated shelves so as to reduce the heat capacity 
and increase the rate of cooling after unloading. 

For drying between spiked plates it is proposed that 
the electrically heated shelves be arranged close to- 
gether in pairs, with a space of 2% in. between pairs. 
The power output is thereby increased to 340 watts/ 
sq. foot of radiant heating surface to achieve the in- 
creased rate of heat transfer required. Electrically 
heated plates or shelves have the advantage that such 
a conversion is readily performed; it would be more 
difficult to achieve the same flexibility with a hot water 
heated type of shelf. 

The capacity of such a drying chamber under dif- 
erent conditions and shelf loadings is given in Table 4. 
Use of spiked plates can increase the overall output, 
but against this must be balanced the cost of the 
spiked plates, the more complex loading operation, 
and, when required, the larger evacuating equipment. 

The pumping equipment must be adequate to cope 
with the maximum loading of the chamber. Most of 
the water is evaporated during the first half of the 
drying cycle over a period of 3 to 4 hours and the 
pumping capacity required is about 35 lb. water/hour 
at an absolute pressure of 0.5 to 1.0 mm. of mercury, 
except where meat slices 1 in. in thickness are dried 
on spiked plates over 6 hours when a capacity of 45 
lb./hour is needed. Such pumping equipment can, 
in facet, handle 2 chambers of similar capacity oper- 
ated alternately so that one drying cycle is commenced 
midway through the other cycle. This is probably the 
most economical method of operation. 


TABLE 4 


Capacity of drying equipment’ 


" Average output 


| Total 
Space between No. of No. of Thickness of . P Load per tray Load per btn of two chambers 
heating shelves shelves spaces meat layer Tray loading (6 sq. feet) chamber ar ied per 24 hours 
me (as raw meat) 
(inches) | (inches) (lb./ aq. foot) (lb.) (lb.) (hours) (lb.) 
1% 15 14 % 1% 9 126 6 +900 
2 12 168 1000 
| % 3 18 252 12 1000 
2% 182 . % 3 18 144 6 1150 
(using spiked | } | 4 24 192 6 1500 
plates ) 1 4 24 192 s 1150 


1 With electrically heated plates, % in. in thickness. Using hot water heating plates 1 in. in thickness, there are spaces for 13 trays and the load 


per chamber and average output must be reduced by 7 per cent, 
2In 9 pairs. 
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The type of evacuator chosen, either steam ejection 
equipment or mechan ‘cal pumps plus ice condensers, 
depends on the facilities available and relative cost of 
electricity and steam and water. When mechanical 
pumps are used, two ice condensers are required to 
permit continuous operation. 


Comparison of hot plate radiant heating with other 
heating techniques applied to freeze-drying. 

Conventional drying on heated shelves: This method 
gives slow drying rates because heat is applied effi- 
ciently at the bottom surface of the material only. 
Heat transfer by radiation from the hot shelf above is 
ineffective due to the relatively low temperature at 
which contact heating shelves must be maintaine:|. 
Shelf temperatures (for long drying cycles) may not 
exceed 45° C. and the meat surface temperature, after 
initial drying, quickly exceeds 0° C. Radiant heat 
transfer, due to the resulting temperature differential 
is small; our results indicate that for significant radi- 
ation transfer the shelf temperature must exceed 
80° 

Vacuum contact-plate heating. In this method (6, 
8, 12) heat is applied to the drying material by con- 
tact at the top and bottom with moveable heating 
plates. Drying times are similar to those achieved 
using radiant heating from blackened plates, but the 
contact-plate process had several disadvantages. A 
lever mechanism is required to operate the moveable 
plates during the drying cycle; excessive pressure of 
the moveable plates may hinder the flow of water 
vapour from the material, and irregularly shaped 
pieces cannot be dried effectively because uniform 
contact cannot be made. 

Infra-red heaters. Commercial infra-red heaters 
(7, 11, i4, 16) which have been used in freeze-drying 
equipment employ source temperatures of from 750° 
to 2200° C. and give radiation of high intensity, but 
this has been found difficult to apply effectively with- 
out burning the outer dried surface of the material 
exposed, Used in place of the low temperature radiant 
heating plates, they would be bulkier, more expensive 
and more difficult to control. 


General application of freeze-drying equipment 
using radiation from heated blackened plates. 

The use of this method of heating might well find 
application in the freeze-drying or vacuum drying of 
materials other than foodstuffs in both laboratory and 
industrial scale units. Any material that can be frozen 
on a metal tray to which the thermocouple from the 
thermostat can be attached may be processed in this 
manner. 

Satisfactory.control of tray temperatures has been 
sl »wn to be possible over a temperature range of 30° 
to 90° C. The tray temperature may fluctuate above 
and below the set temperature of the thermostat, but 
the upper limit is well defined and the process may be 
used for heat labile preducts. 


SUMMARY 


,. Although there is considerable interest in the proe- 
ess, no equipment designed specifically for freeze- 


drying food on a large scale is available. Conven- 
tional freeze-drying techniques are regarded as un- 
satisfactory because of their lengthy drying times. 
Methods hitherto suggesied for increasing the rate 
of drying may involve complicated and sometimes 
expensive accessories for achieving the more efficient 
heat transfer desired. 

A simple process is described which employs a 
vacuum chamber fitted with closely space | blackened 
shelves heated either by electricity or hot water. The 
material to be dried is supported on an aluminum 
tray, between but not in contact with the heating 
shelves. Heat is transferred by radiation alone, and 
is regulated by a thermostat which conirols the tem- 
perature of the tray. The equipment required is no 
more elaborate than that used in conventional heated 
shelf freeze-drying. 

Meat slices ¥¢ to % in. in thickness are dried in from 
5 to 12 hours, depending upon thickness. The process 
may also be adapted for use with spiked plates so that 
thick (up to 1 inch) slices of meat are dried in less 
than 6 hours. 
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Only ong sugar offers you 
such a variety of important 


physical ang chemical properties 


LACTOSE: pure 


Lactose can improve your present products...help you develop 
new ones. Lactose can simplify your processing. Lactose can 
lower your costs. Seldom do you find such a versatile material. 

That is why Lactose is attracting so much attention from 
both research and manufacturing executives. Virtually every 
week sees the discovery of exciting new possibilities for profit- 
able applications in the food field. 

Only Wesrern can supply Lactose, Edible, in the full range 
of particle sizes required by various food applications. Strict 
chemical and bacteriological specifications, rigid quality con- 
trol and years of processing experience assure highest quality. 

Take a fresh look at the characteristics of Lactose. One of 
them may help solve a problem you are working on right now. 
For free samples and information, write our Technical Service, 
Department 24L. (Tell us the applications you are considering.) 


WESTERN CONDENSING COMPANY 


Appleton, Wisconsin 
WORLD-WIDE SUPPLIER OF HIGH-QUALITY MILK DERIVATIVES 


@ iow sweetness 
@ soluble, uniform 


@ free fiowing, 
anti-caking aid 


@ flavor-enhancing 
@ pigment-absorbing 


@ vaiuabie nutritional 
properties 


@ crystallization control 


milk sugar 


Distributed Nationally by 
CHEMICAL DEPARTMENT 


McKESSON & ROBBINS, ING. 


60 conveniently located warehouses 
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For fresh-from-the-field FLAVOR! 
GIVAUDAN IMITATION STRAWBERRY 


Nothing compares with the flavor 
of fresh wild strawberries. And 
nothing has duplicated that flavor 
as closely as Givaudan’s Imitation 
Strawberry! 

It is economical—highly concen- 
trated yet easy to use on a con- 


trolled level. And it’s stable—ideal 
for use in milk-containing products 
as well as in confections, summer 
drink powders and other prepara- 
tions. Available in liquid or crystal 
form. May we send you samples 
and more complete information? 


321 West 44th Street, 
New York 36, N. Y. 
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Food Engineering for Atomic Submarines ° 


(Manuscript received May 21, 1959) 


WARFARE was intro- 
duced in 332 B.C. Aristotle records, at the siege of 
Tyre, soldiers in diving dress chopped holes in the 
bottoms of Alexander’s ships. Two thousand years 
later in 1797, Robert Fulton developed plans for a 
submarine called the Nautilus. After having failed to 
convince Napoleon of its worth, he finally, over great 
opposition, constructed a submarine for the British 
Navy. 

Our own Civil War gave birth to the first practical 
submarines, all on the Confederate side and all named 
David. Davids sank 34 Union ships during the War. 
Because of their short cruising range and the more 
important considerations like staying alive, no thought 
was given to food. In 1875, John P. Holland built a 
large submarine, 16 ft. long and 2 ft. wide. It was 
powered by a foot-turned propeller and towed tor- 
pedoes behind it. 

Not until World War I when submarines started 
operating on the high seas did food become a problem. 
Most of the food then used was dried, salted, or 
canned and required very little in the way of prepa- 
ration. To make it palatable, however, required a 
great amount of imagination on the part of the cook 
and hardiness on the part of the eater. In 1942, as a 
midshipman, we ate aboard one of the last of the 
World War I submarines. The galley consisted of a 
4 ft. x 4 ft. area, with a range and a coffeepot. We 
picked up our food and then sought a vacant place to 
eat it. Our first meal consisted of ‘‘something or 
other on a shingle’’; it was brown in color and this 
color matched the interior of the submarine. I ate, 
sitting in a hatchway between compartments, with the 
condensation from the submarine’s hull dripping on 
me and the food. Some time later I learned there was 
a cabinet in the middle of the galley on which two men 
could eat standing up. 

By World War II, submarines (Figure 1) and 
submarine galleys had improved considerably. Air 
conditioning, when it worked, eliminated much of the 
stench which is formed when 60-70 men live in a close 
proximity for long periods of time with a lot of ma- 
chinery. A small mess hall (dining area) was now 
added, and food increased in importance to the men. 
Although American submarines had the best food 
availabie, anyone who ate dehydrates during the War 
will confirm that a great improvement had to be made 
if they were to be acceptable. 

The average submarine cruise during the War was 
42 days; one lasted 88 days, the last five of which the 
crew ate only catsup. No one realized more than the 
submarine commander the importance of food to the 


* Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, Philadelphia, May 19, 1959. 
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C. M. Schoman, Jr. 


Food Science and Engineering Divi- 
sion, U. S. Naval Supply Research and 
Development Facility, Bayonne, New 
Jersey 


TYPICAL U.8. SUBMARINE 


CUT-ABAY SHOWING COMPARTMENTATION 


Figure 1. The typical World War II U. S. submarine was 
330 feet in length and carried a crew of 75 men, The submarine 
force, comprising less than 2% of the Navy’s personnel strength, 
downed more than 55% of the Japanese ships sunk (merchant 
and naval) during the war. The galley occupies less than 2% 
of the available space. (Diagram courtesy of the United States 
Naval Institute, Annapolis, Md.) 


morale of his men, and the possible hazards in food 
preparation—being forced to the surface in enemy 
waters by obnoxious food odors or that an uncon- 
trollable fat fire could be disastrous. Some com- 
manders forbade the cooking with fat, and the cooking 
of foods such as cabbage, Brussel sprouts, and eauli- 
flower. 

In 1953, the submarine galley could be described 
as a 6 ft. x 9 ft. area with an electric range, mixer, 
fryer, and coffee urn in which one cook prepared over 
250 meals a day, plus snacks, The mess hall had 
grown a little; now there were four 6-man tables at 
which men ate elbow to elbow and back pressed to back. 

Recent changes and developments in submarines 
have been phenomenal. Man and not the vessel has 
become the limiting factor in submarine operations ; 
and with this, food has assumed greater importance 
as it is the main factor in maintaining morale and 
operating efficiency. 

The fiction that Jules Verne wrote in 1869 about 
his dream ship the Nautilus, with its perfect electric 
power source, is now a reality. In the last year, the 
USS Nautilus has traveled under the North Pole, the 
USS Sea Wolf has stayed submerged for 60 days, 
traveling 14,500 nautical miles, and the less publicized 
blimp-shaped USS Albacore does underwater ‘‘hydro- 
baties’’ and flies like a fighter plane at high speeds. 
Combine the atomic power of the Nautilus, the endur- 
ance and cruising range of the Sea Wolf, the maneu- 
verability of the Alabacore, and a nuclear war- 
headed missile called Polaris into one submarine, and 
you have the fleet ballistic missile submarine—a sub- 
merged launching platform for 1,500 mile missiles— 
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wholly under our flag and control, defense against 
which will be nearly impossible. Almost any enemy 
target on earth is within its range. The submarine, 
onee our greatest fear in the hands of our enemy, may 
soon become our own greatest protection and deter- 
rent to any aggressor. 


BACKGROUND 


The Bureau of Supplies and Accounts,” keeping 
closely abreast with the developments of the Bureau 
of Ships and Bureau of Ordnance, foresaw early in 
1950 that it was possible that submarines in the near 
future might have practically unlimited fuel endur- 
ance and cruising range, and have compact ordnance 
weapons of fantastic destructive power but be limited 
in effectiveness by their food supply. 

On submarines, food is more than just nourishment. 
Food can be an adventure, escape from boredom, and 
a pleasurable or depressing exper‘ence. The task of 
improving submarine feeding was assigned to the 
Food Science and Engineering Division (formerly 
Commissary Research Division), U. 8S. Naval Supply 
Research and Development Facility, Bayonne, New 
Jersey. 

The problem logically breaks down into three parts : 
improved food material, improved food storage, and 
improved food production. Work on improved food 
material is being carried on with the cooperation of 
the Quartermaster Food and Container Institute for 
the Armed Forces, U. 8S. Department of Agriculture 
Regional Utilization Research and Development Divi- 
sion, and Navy Subsistence Office; work on improved 
food storage is being carried on with the cooperation 
of the U. 8S. Department of Agriculture and the Bu- 
reau of Ships, U. S. Navy. This paper concerns the 
work accomplished by the Naval Supply Research and 
Development Facility on improved food production. 


PRELIMINARY INVESTIGATIONS 


A review of the literature revealed little that was of any 
practical value to this study. As most references dealt with 
torpedo fire, navigation, and the more thrilling exploits of 
submarines, it beeame immediately apparent that although 
food production aboard submarines had advanced, it was doing 
so in an undirected manner and not as the result of planned 
investigations. In order to obtain background information, 
observation cruises were taken on operating submarines. As a 
result, an attempt was made to conduct planned investigations 
on operating submarines. Obviously, these investigations could 
not interfere with the submarine’s operations. The cook’s 
movements and production flow in the 6 ft. x 9 ft. area had to 
be charted. In order to do this, the observer had to stand in 
the submarine’s main passageway ip front of a watertight 
doorway. This was less than an ideal situation and obstructed 
normal fore and aft traffic. In addition, at the critical food 
production time, over 24 sailors rushed into the messing area, 
sat down at six-man tables and were served bowls of food by 
two mess cooks, while another half dozen made sandwiches and 
ate standing up. It was somewhat like charting the movements 
of people in a crowded subway train or bus. In addition, it 


"On 2 March 1959, the importance of research and develop- 
ment was again emphasized by the establishment of the posi- 
tion of Assistant Chief of the Bureau of Supplies and Accounts 
for Research and Development. 


was determined after a number of trips on different submarines 
that food production was biased by the crew’s likes, the cook’s 
ability, equipment provided, its condition of operation and the 
galley arrangement. It was therefore concluded that in order to 
obtain useful information of general application, the planned 
investigations could not be conducted on an operating sub- 
marine but would necessarily have to conducted under controlled 
conditions. 


EXPERIMENTAL PROCEDURE 


The planned investigation * was broken into 5 phases: 

Phase I—Construction Ashore of a Working Mock-Up of 
Present Type Submarine Galley and Associated Spaces 
(TANG-Class Submarine) (1). 

Phase II—Industrial Engineering and Food Production 
Study of Present Type Mock Up (3). 

Phase I1I1—Part I—Theoretical Equipment Capacity Studies 
(4). Part I1—Theoretical Equipment Arrangement Studies 
(3). 

Phase I1V—Design and Construction of New Equipment and 
Construction of New Mock-Up (2, 5). 

Phase V-—Comparative Evaluation of Present Type Sub 
marine Mock-Up and New Mock-Up. 


Phase I * Construction Ashore of a Working Mock-Up of Pres- 
ent Type Submarine Galley and Associated Spaces (TANG- 
Class Submarine) 

The objective of Phase I was to provide a suitable test 
facility in which planned investigations could be conducted. 

With the aid of the Bureau of Ships and the Naval Ship- 
yard, Portsmouth, N. H., a working mock-up of the TANG- 
Class (SS-563) submarine galley (Figure 2) and associated 
spaces was constructed at the U. 8. Naval Supply Research and 
Development Facility, Bayonne, N. J. Wooden models of space 
obstructional items, wireways, and non-food production equip- 
ment were installed for realism. The mock-up was constructed 
on a platform 2 ft. above the floor for ease in making plumbing 
and electrical connections. Ventilation and other utilities were 
provided. 


Phase II * Industrial Engineering and Food Production Study 
of Present Type Mock-Up 

The objective of Phase II was to determine the importance 
of different pieces of equipment; the important equipment in- 

* During a six-year period, over 30 scientists, engineers, and 
Navy cooks were involved in various studies of this research 
effort. The author’s primary part was in planning, coordi 
nating, and directing the effort. 
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Figure 2. Arrangement of TANG-Class submarine (SS-563) 
food production spaces. The USS Nautilus (SS(N)571) has a 
similar arrangement. A full-scale working mock-up of the 
TANG was constructed at Bayonne, N. J., in order to conduct 
planned investigations on submarine food production. The 
space is 12 ft. long and 8 ft. wide. 
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FOOD ENGINEERING 


terrelationships; present equipment and arrangement limita- 
tions and difficulties; physical worktime at each piece of 
equipment ; and scientific guide lines for future planning. 
Industrial engineering and food production studies (Figure 
3) were conducted of an experienced submarine cook preparing 
meals selected at random from a year of Navy menus. Meals 
were prepared for 80 men. Information was recorded on a 
Time and Flow Chart which shows the sequence of movements 
between pieces of equipment and the time spent at each piece 
of equipment. From these Time and Flow Charts, Proximity 
and Worktime Charts were developed. Proximity charts indi- 
eate the number of movements that were made between each 
combination of equipment; worktime charts show the total 
worktime and per cent of worktime spent at each piece of 
equipment. All food production limitations and difficulties en- 
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Figure 3. Interrelation of information obtained from indus- 
trial engineering and food production studies. 


countered were noted by operation—breakfast, dinnor, supper, 
and baking. In addition, motion pictures were taken at 24 
frames per second of typical days operations to supplement 
recorded data. 


Phase III, Part I * Theoretical Equipment Capacity Studies 


The objectives of Phase III, Part I, were to determine the 
time of use and relative importance of each piece of equipment, 
per cent compliance with Navy standards possible with present 
equipment, equipment capacity needed to comply with Navy 
standards, and basic equipment capacity design information 
oun which to base selection and/or design of future equipment. 

Theoretical equipment capacity studies (Figure 4) were con 
ducted using, as a basis, standard Navy recipes and menus and 
food production procedures deemed most desirable for sub 
marine feeding. With these standards as a basis, Menu Produc- 
tion Charts were developed for 30-day menus selected at ran- 
dom. These charts list all food items, their weight and volume 
equipment requirements, and method of production. From these 
charts, Optimum Process Flow Charts were developed. On these 
charts, food was theoretically produced. The charts show the 
capacity (sq. in., cu. in., or gal.) at which each piece of equip- 
ment is being used for each 5-minute interval during the day. 
From these Process Flow Charts, Demand Charts were de- 
veloped which show the total time each capacity of each piece 
of equipment is required for the 30-day period studied. From 
the Demand Charts, Compliance Charts were developed which 
show the per cent of the total time a piece of equipment with 
any capacity will meet the standards on which the study is 
based. 
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Figure 4. Interrelation of information obtained from theo- 
retical equipment capacity studies. 


Phase III, Part II * Theoretical Equipment Arrangement Studies 

The objective of Phase III, Part II, was to theoretically de- 
termine the best equipment arrangement. 

Utilizing the proximity studies, worktime charts, optimum 
process flow charts, demand charts, food production limitation, 
and deficiency information obtained from studies of the mock- 
up, a plan for a new mock-up submarine galley was developed. 
The primary tool used to check the theoretical efficiency of the 
new mock-up was the Distance Chart. On this chart, the dis- 
tance between center points of combinations of equipment is 
measured, This distance is multiplied by the frequency of 
movement between the equipment combination taken from the 
Final Proximity Chart in order to obtain the total distance. 
Totai distances for all combinations (171) are then summed to 
obtain a grand total; grand totals for each new arrangement 
are compared with each other and the old arrangement. In 
developing arrangements, the most convenient locations were 
generally reserved for the most used item as indicated by the 
Worktime and Equipment Demand Charts, Arrangements were 
then checked using the Optimum Process Flow Chart and food 
production information obtained from the evaluation of the 
mock-up. 


Phase IV * Design and Construction of New Equipment and 
Construction of New Mock-Up 

The objective of Phase IV was to develop and construct a 
new mock-up on the basis of the theoretical and actual studies 
conducted. 

Using the results of the theoretical study for design capacity 
requirements, in combination with food production information 
obtained on actual submarines and during evaluation of the 
mock-up and the industrial engineering studies of the mock-up, 
new equipment was selected or designed, in general, to meet 
the Navy standards 90% of the time (Figure 5). This new 
equipment was worked into an arrangement plan so as to fit in 
the same area (length, width, and hull curvature) as the initial 
mock-up. The specifications and plans for all equipment and 
the new mock-up were fully developed and then contracts let for 
their construction. 
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FOOD PRODUCTION STUDIES 
PRESENT MOCK-y? 


INDUSTRIAL ENGINEER ING 
STUDIES Im 
PRESENT MOCKUP 


Figure 5. Method in which the various studies were used for 
selection and/or design of new equipment and construction of 
new mock-up. 


Phase V * Comparative Evaluation of Present Type Submarine 
Mock-Up and New Mock-Up 

The objective of Phase V was to determine the validity of 
the entire planned investigation by comparing the new mock-up 
designed and constructed on the basis of theoretical studies, 
industrial engineering studies, and food production studies, 
with the initial mock-up. 

Five teams of cooks from operating submarines, each team 
composed of one ship’s cook and one mess cook, were used for 
this evaluation. Each team prepared, in each mock-up, nine 
different food production operations for 80 men, consisting of 
three breakfasts, two dinners, two suppers, two bakings. In 
addition, the effeetive ambient temperature was changed, in a 
previously determined manner, from 70° F. to 90° F. in 5° F. 
intervals in order to determine temperature effect on personnel 
efficiency. Ratio-delay studies were conducted in order to obtain 
equipment use-time and transport time. In addition, total work- 
time, total power consumption, and peak power requirements 
were determined, Operating personnel’s pulse, blood pressure, 
and weight were measured in order to determine fatigue. A 
earefully selected taste panel judged the acceptability of each 
food item prepared in order to assure quality of food. Food 
production limitations and deficiencies were noted for both 
mock-ups. After completion of tests, a meeting of all oper- 
ating and test personne! was held to review tests and coordinate 
comments, 


RESULTS AND DISCUSSION 


The industrial engineering studies of the initial 
mock-up indicated that movements between 12 of the 
171 combinations of equipment accounted for half of 
the movements between equipment. In the case of 
these 12 combinations, 25 or more movements were 
made each day. In addition, only eight different 
pieces of equipment were involved—table (mess hall), 
griddle, cook’s sink, range-top, mixer, dresser, sink 
dresser, and ingredient bins. The cook spent over 
92% of his total worktime at the first seven of these 
pieces of equipment. Nine of the 12 combinations in- 
volved a table and/or dresser and over half of the 
eook’s total worktime was spent at a table or dresser. 
This clearly indicated the need for adequate work 
spaces properly located (Figure f). Other important 


facts learned were that the coffee urn had little or no 
interrelationship to other equipment, and that the 
deep-fat fryer, an item which had received a great 
deal of attention in the past, was used by the cook less 
than 1% of the time. This led to placing a hinged 
dresser-top over the fryer. The relative importance 
ind interrelationships of equipment were clearly and 
graphically indicated. 

Food production studies confirmed the lack of ade- 
quate dresser area correctly located, and showed that 
the table in the mess hall was nearly in constant use 
by the cook. Poor location of and access to water 
sources made it necessary to either lift a heavy pot 
(50 Ibs.) to the range or transport water, measure by 
measure, to the pot. All equipment was inadequate for 
food production from both a capacity and functional 
standpoint. These facts led to the placing of water 
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Figure 6. Typical meal preparation in present submarine 
galley clearly shows crowded condition and lack of adequate 
work spaces properly located. 


sources near the mixer and range, and the selection 
and design of adequate equipment. 

The theoretical equipment capacity study indicated 
that the equipment presently installed in the sub- 
marine galley was inadequate for -efficient food pro- 
duction. This was confirmed by food production 
studies in the mock-up and actual observations aboard 
operating submarines. The Compliance Charts indi- 
cated that the Navy standards could be met only 20% 
to 50% of the time, far below the desired goal of 90%. 
For example, 1,200 sq. in. of oven area was necessary 
—only 526 sq. in. was provided; 700 sq. in. of grill 
top—only 342 sq. in. provided; 24 qt. mixer—only § 
qt. provided. In addition, it was found that although 
an oven with a 13 in. height was provided, only an 
8 in. height was needed to meet the standards 95% of 
the time—the other 5% being used for turkeys which 
could easily be cut in half for roasting. It was found 
that a pot with a bottom area of 160 sq. in. was on the 
range-top alone on an average of 2 hours a day, yet 
the range-top was controlled as one 343 sq. in. unit; 
the extra 183 sq. in. of range surface was heating the 
submarine, while the air conditioning system was 
cooling it—a double waste of power. As a result of 
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these studies, equipment of correct capacity and unit 
control was selected and/or designed for submarine 
use. 
Using the industrial engineering, food production, 
and theoretical studies as a basis, it was found that 
new equipment could be selected or designed which 
would obtain the 90% compliance desired and still 
be placed in the same area (length, width, hull eurva- 
tur.‘ of the initial mock-up. In addition, it was found 
that pieces of equipment which were lacking in the 
initial mock-up, such as a baker’s table, proofer, salad 
bar, refrigerator, soft ice-cream maker, food warmer, 
and dresser space could be provided (Figure 7). A 
new type ‘‘S’’ range was developed which fitted 
exactly into the area occupied by the old ranges, yet 
had 21% times the oven space and 20% more griddle 
and range space. Its 7% in. height oven was capable 
of taking turkeys up to 18 pounds. A fryer was also 
designed that fitted into the area occupied by the old 
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FOR ATOMIC SUBMARINES 


SUBMARINE 


ITEM SUBMARINE 
| ~ “GALLEY GALLEY INCREASE 
Oven (area) | 1365 sq. in. 526 sq. in. | 160 
Oven (height) 7% in. 13 in. | Decrease of 
| unnecessary 
| | | oven height 
Griddle (area) | 404 sq. in. 342 sq. in. | 9 
Range (area) | 343 sq. in. 342 sq. in. | 1 
Deep-fat fryer | 
(Ibs. French fries) | 46 Ib./hr. 12 Ib./hr. 275 
Mixer (qts.) | 30 at. 12 at. 125 
Sinks (number) | 4 2 100 
Steam table 420 sq. in. None Additional 
Dresser (area) 30 sq. ft. 15 sq. ft. | 100 
Ice cubes (Ibs.) | 25 Ib./batch 
Ib./batch | 
Galley | | 
Chill (cu. ft.) | 3.3 cu. ft. None | Additional 
Freezer (cu. ft.) | .7 cu. ft. None Additional 
Vegetable cutter Mixer Mixer | 
attachment attachment | Same 
Proofer 24 qt. bread | 
dough | None | Additional 
Salad bar | 289 sq. in. | None | Additional 
Ice-cream maker | Hard-Soft | Hard | ae 
| so 


Figure 7. A comparison of equipment provided in the new 
and initial submarine. Food production spaces indicate that the 
new facility furnishes equipment with an average 100% increase 
in capacity and five pieces of important new equipment—all 
this in the same area as the initial mock-up. 


fryer but had 4 times the production rate. In addition 
to an average 100% increase in the capacity of equip- 
ment, five important pieces of equipment not previ- 
ously provided were incorporated into the new design 
(Figure 8). Theoretical computations indicated that 
a 33% saving in movements and food production time 
should be possible in the new facility. 

In actual construction, it was found that all changes 
planned could be placed into the new facility (Figure 
9). The comparative studies of the two mock-ups con- 
firmed the validity of the planned investigation pro- 
cedure and the results of the theoretical studies. These 
comparative (not completed) studies indicate a saving 
in food production time of 16% and in transport time 
of 40%. The heart rate of the operating personnel, 
measure of fatigue, in the effective temperature range 
(70° F.-90° F.) was shown to be a semi-log function. 
Blood pressure and weight loss showed no predictive 
relationship to effective temperature of mock-up. 

Food production studies and summary discussions 
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Figure 8. New mock-up designed as a result of planned in- 
vestigations provides the adequate, correctly located equipment 
necessary for efficient food production. 


with test personnel indicated that the new mock-up 
was superior to the initial mock-up and that only 
minor changes would be necessary. 

As a direct result of these planned investigations, 
food production facility arrangements similar to the 
new mock-up are being constructed on new sub- 
marines. Those submarines already constructed will 
obtain the new equipment as soon as their present 
equipment is beyond economical repair. Combined 
with the great advances being made in foods and food 
storage, submarine food production is now advancing 
rapidly in a directed manner as a result of planned 
investigatiors. 

SUMMARY 


Due to the recent great advances in submarine tech- 
nology, man and not the vessel has become the limiting 
factor in submarine operations. The Navy foresaw this 
possibility eight years ago and directed that the U. 8. 
Naval Supply Research and Development Facility 
conduct planned investigations to improve submarine 
feeding. These investigations in food technology were 
first conducted aboard operating submarines. Later, 


Figure 9. New mock-up constructed as a result of planned 
investigations saves 16% in food production time and 40% in 
transport movement. Similar food production facilities are being 
constructed on new submarines. 
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a working mock-up of a typical submarine’s food pro- 
duction facilities was constructed. In this mock-up, 
industrial engineering and food production studies of 
submarine feeding were made. At the same time, 
theoretical equipment capacity and arrangement 
studies were conducted. Both studies indicated that 
the present submarine food production facilities were 
inadequate. As a result, new equipment was selected 
or designed to meet the submarine’s needs. By design- 
ing and arranging equipment scientifically, it was 
found possible to provide new equipment with an 
average 100% increase in capacity, and five additional 
necessary pieces of equipment in the same area as the 
initial mock-up. Theoretical calculations indicated 
that a 33% saving in transport movements and a 
substantial saving in food production time should be 
possible. Comparison operational evaluations of the 
initial and new facilities indicated a saving of 16% 
in food production time and 40% in transport move- 
ments. As a result, new construction submarines are 
being furnished food production facilities similar to 
those indicated by the studies, and present submarines 


will have the new equipment, designed as a result of 
the studies, installed as soon as their existing equip- 
ment is beyond economical repair. The value of the 
planned investigation for improving food service 
facilities was proven. 
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WHY ARE SO MANY FOOD PROCESSORS 
INTERESTED IN SAFFLOWER OIL? 


SAFFLOWER Since saturated fats have been found to build up cholesterol in the blood- 
stream (one of the suspected causes of atherosclerosis and possibly other 
Ol & metabolic diseases), food processors are turning more and more to the use 
of Safflower oil. For good reason: Research relates Safflower oil to the reduc- 
by PVO Process tion of cholesterol in the blood. Safflower oil is over 90% unsaturated. It is 
over 76% linoleic acid—containing more essential fatty acids than any 
other available vegetable oil or shortening. 


Other attributes, such as clear color, non-reverting flavor and complete 
palatability make Safflower oil one of the most versatile ingredients in the 
food field. Let this dramatically different ingredient give your product a 
new point of difference. Write for literature and samples today. 


Pioneered by 


PACIFIC VEGETABLE OIL CORP. 


DEPT. TK-2 1145 SOUTH TENTH STREET: RICHMOND. CALIFORNIA 
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PRAGUE POWDER 
ANTIOXIDANTS 
BREADING MIXES 
SOLUBLE SEASONINGS 
PURIFIED GROUND SEASONINGS 
PURIFIED CEREAL BINDERS 
YEASTFOOD 
DOUGHNUT SUGARS 
MEAT SAUCES 
GRAVY BASES 
MEAT TENDERIZERS 
SOUP BASE SEASONINGS 
PHOSPHATES 
HYDROLYZED PROTEINS 
CASEINATE 
PROTEINATE 


GRIFFITH 
LABORATORIES 


Where Many find the Answer to— 
“What's New in Foods?” 


The Griffith organization is unique—in its 
diversification, its laboratory and kitchen 
facilities and skills. 


It is known for its service as specialists . . . 
in the Art of creating fine food formulas, and 
in the Science of faithfully repeating them. 


If interested in a new food material, or in a 
new quality standard—you’ve come to the 
best qualified source. 


THE GRIFFITH LABORATORIES, INC. 


CHICAGO 9, 1415 W. 37th St. * UNION, N. J., 855 Rahway Ave. + LOS ANGELES 58, 4900 Gifford Ave. 
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Use of Flexible Packaging Materials and 
Inert Gas to Increase the Shelf-Life 


of Food Products 


(Manuscript received May 21, 1959) 


Fu. 1D PROCESSORS AND PACKERS are 
constantly seeking ways and means of building long 
shelf-life into the food package. The reason is 
apparent. Climatic conditions, long hauling distances, 
and varied treatments in different markets can seri- 
ously impair the quality of a food product by the 
time it reaches the consumer. It is important that care 
and extra protection be given the packaging of all 
food products, but special attention is needed for 
thos» containing fats and oils. This class of foods is 
subject to degradation under the influence of oxygen. 

Until recently, many of the most popular present 
day food products could not be pre-packaged by the 
processor since there were no packaging materials 
that could insure extended shelf-life. Several varieties 
of meats and cheeses, for example, used to be pack- 
aged at store level simply because there were no 
methods of preserving their quality for more than a 
few days. Today, as a result of new packaging de- 
velopments, this shelf-life has been extended to several 
weeks, with many new varieties of foods available for 
distribution. Actually, some 5000 new items come off 
the production line in a single year (6). 

Modern day packaging materials and methods are 
well worth study. They have contributed substantially 
to the development of modern food products. The 
fact is that packaging material suppliers have helped 
to increase the variety of foods available at all levels 
of food retailing. The packer can now ship processed 
foods anywhere and be assured that their freshness 
will endure for the full shelf-life of the packaged 
product. 


THE NEED FOR INERT GAS PACKAGING 


Food products high in oxidation-prone ingredients, 
such as fats and oils, spoil all too readily. The oxy- 
genated compounds that are formed affect adversely 
the subtle flavors of the food, creating off tastes and 
odors. Moreover, aerobic bacterial and mold, which 
grow favorably in an oxygen atmosphere, break down 
many essential constituents of food. There are also 
color changes, catalyzed by light in the presence of 
oxygen. Both quality and appearance are damaged 
by oxidation. 

Oxidative rancidity has been a trouble spot in the 
food industry for years, but today most food packers 
are eliminating the difficulty either with an evacuated 
or a gas package (10, 19). Vacuum packaging can be 
and is used—for example, in meat and cheese pack- 
aging—to preclude oxidative spoilage. But a gas 


Gerald B. Gross 


Technical Services, Milprint, Inc., 
New York, N. Y. 


package accomplishes the same result and avoids the 
unnatural look and structural weaknesses of a vacuum- 
ized package (3). It is likely that many products 
which are now packaged in pouches made from light- 
weight foil laminations could not be marketed without 
the innovation of gas packaging. If a vacuumized foil 
pouch were used, it might fracture, thus permitting 
the entry of oxygen. Gas packaging, on the other 
hand, relieves the strain on the materials and enables 
them to resist fracture, or puncture by sharp products 
within the package, or food crushing by atmospheric 
pressure. 


FOOD PRODUCTS THAT NEED PROTECTION 


Many independent studies have been made of the 
degradation of food products packaged in a normal 
atmosphere. These investigations have shown that 
where products are packaged in a nitrogen atmos- 
phere, their shelf-life is extended considerably. For 
example, peanuts with oxygen at 20%, were judged 
rancid after less than 6 weeks under atmospheric stor- 
age conditions; however, peanuts in nitrogen atmos- 
phere showed considerably longer shelf-life (5, 18). 
Powdered milk used extensively in institutional feed- 
ing, as in coffee vending machines, has always had to 
be packaged in a nitrogen atmosphere containing less 
than 2% oxygen (4). Dehydrated potato powder, one 
of the newer foods, has maintained a better quality 
and a longer shelf-life by packaging in a nitrogen 
atmosphere (12). Recent studies have also indicated 
that fresh meats will retain their red color if packaged 
with nitrogen (14). Dry activated yeast, natural 
cheeses including Swiss, Muenster, Brick, Mozzarella 
and other varieties, dried beef, orange and other citrus 
juice powders, assorted nut meats, dry soup mixes, 
powdered eggs, potato chips, dehydrated vegetables, 
baby foods have all been packaged effectively in flexi- 
ble packaging containers with inert gas. 

It is recognized that food packers, utilizing inert 
gas, would like to achieve 100% removal of oxygen 
and its total replacement with nitrogen. From a prac- 
tical cost standpoint, however, this is unnecessary. It 
has been found that less than 14 of 1% of oxygen in 
the package is perfectly satisfactory and in some cases 
1-2% is considered acceptable. 


THE PROPER FLEXIBLE PACKAGING MATERIALS 


The ideal packaging material for flexible gas pack- 
aging would be of zero gas permeability and readily 
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machineable so that it could be converted into a her- 
metically sealed package. Aluminum foil, .0015 in. 
thick, generally is accepted as having negligible per- 
meability (1), but it is not readily converted into a 
gas-proof sealed package. While laminations of .0015 
in. foil with other materials suitable for conversion 
into gas-proof packages can be made, packaging with 
these materials is usually too costly for most food 
packaging and too rigid for high speed automatic 
packaging equipment. 

Most packagers try to achieve the barrier properties 
of .0015 in. foil by utilizing combinations of low per- 
meable films with other materials. This provides the 
necessary characteristics to enable them to identify 
their product through various printing methods, and 
fabricate the laminations into suitable packages. The 
group of acceptable low permeable membranes include 
.00035 in. to .0007 in. foil, polymer coated cellophane, 
polyvinylidene chloride, low plasticized rubber hydro- 
chloride and polyester type films (15, 16, 17). Used 
in conjunction with these materials for purposes of 
merchandising, printing, and machineability but not 
individually accepted as gas impermeable membranes 
are paper, polyethylene, polyvinyl chloride, and ecetlu- 
lose acetate, 

The choice of basic materials and subsequenc lami- 
nations in individual cases is influenced by other pro- 
tection factors that may be required. These include 
such factors as moisture vapor protection, possible 
chemical reaction between certain foods and the pack- 


aging material or vice versa, merchandising concepts, 
machineability in the convertor and food processor 
plants, and adaptability to packaging equipment and 
cost. 


In order to achieve a gas impermeable material (or 
one of very slight permeability) that will retain a 
substantial portion of the inert gas for the shelf-life 
of the product, various methods of combining or 
laminating the materials are used. These generally 
involve either a solvent adhesive or hot melt. 

The solvent adhesive usually consists of a thermo- 
plastic resin in solvent solution. It is deposited on the 
most inert of the two webs; the solvent is subsequently 
evaporated as the web passes through the drying tun- 
nel, and the tacky adhesive surface is combined with 
a second material under heat and pressure. The hot 
melt type of adhesive—which may be wax, polyethy- 
lene, or a bituminous material, although usually 
polyethylene in laminations for gas packaging—is ex- 
truded between the two layers of material being com- 
bined. Pressure is then applied and the lamination is 
formed. 

The polyethylene hot melt extrusion lamination 
generally improves the barrier properties of the lami- 
nation. In the case of a foil lamination polyethylene 
tends to fill in the pinholes that may exist in the 
lighter weight foils, thus making it a more practical 
lamination. 

Subsequent to combining one side of the barrier 
material with a printable surface, a secondary film or 
coating is applied to the undersurface for extra gas 
protection and to make it heat sealable. Generally the 


low plasticized rubber hydrochloride in film form, or 
polyethylene as an extrusion coating or in film form 
is applied. 

The polyethylene layer is usually of the order of 
1 mil since its diffusion to gas is high and any increase 
in thickness of a film will increase the possibility of 
gas diffusion along the seal lines. In highly critical 
eases, where long shelf-life is required and the 
products may show rapid degradation with small 
amounts of oxygen, the rubber hydrochloride film or 
a low gas diffusion polymer coating will be used. It is 
in this area of laminations that suppliers of packaging 
materials are constantly striving to build better bar- 
riers by searching for low cost inert gas-proof films 
which can be combined with presently known im- 
permeable materials. It is more likely that success 
will be attained in this endeavor than will the develop- 
ment of a universal film answering gas and moisture 
protection as well as machineability, printability and 
merchandisability. Actually right now three or four 
webs of different materials are used to form satisfac- 
tory laminations for gas packaging. 

The success of any lamination for packaging food 
products depends on a complete study of the particu- 
lar application. For example, in applications where 
the use of refrigeration to merchandise the food prod- 
uct is involved, it has been found that the permeability 
of packaging materials such as polyethylene-cello- 
phane laminations is exceptionally low. Thus, it is 
important in selecting a combination of materials to 
know the storage conditions since relative humidity as 
well as temperature can affect the permeability of a 
particular lamination (7). 

If it is required by the nature of the packaging 
problem to know the exact gas permeability of the 
packaging materials, various test methods are avail- 
able for consideration. 

In one method developed by Landrock and Proctor, 
the principle depends on the permeation of a sweep 
gas through the test sheet at a rate dependent on the 
partial pressure differential of a second gas across the 
test sheet (11). 

A second method is the isostatic method developed 
by Davis, utilizing different gases, at essentially 
equal pressure, which are contained on opposite sides 
of a test film. Any of the test gas permeating the film 
is collected in the other gas and analyzed (8). 

Some of the combinations that have been developed 
for various applications include 300 cellophane lami- 
nated to .0005 in.-.0007 in. foil and in turn combined 
with .0008 in.—.0012 in. rubber hydrochloride film. 
This is an excelient gas barrier since it actually con- 
tains 3 low permeable membranes (9), takes an excel- 
lent printing on the reverse side of the cellophane, and 
ean be readily sealed in any packaging machine. An- 
other lamination, less costly than the cellophane-foil- 
rubber hydrochloride combination, utilizes a 25-30 
pound paper (sulphite or pouch stock) as the surface 
material mounted with an adhesive or polyethylene to 
00035 in.—-0007 in. foil with a .0008 in.—.0012 in. rub- 
ber hydrochloride film adhered to the back side of the 
foil serving as both a gas barrier and as the heat seal- 
ing member. This exceptionally good gas barrier has 
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FLEXIBLE PACKAGING, INERT GAS TO INCREASE SHELF-LIFE 


been used extensively for activated dry yeast, pow- 
dered milk, and dry soup mixes. 

For dehydrated potatoes where the degree of pro- 
tection is perhaps not as critical as in some other 
products, polyethylene has replaced the rubber hydro- 
chloride film as the heat sealing member. We have 
here a lower cost material consisting of a suitable 
paper-adhesive or polyethylene mounted to .00035 in. 
foil and a polyethylene extrusion coating on the under- 
side of the foil. Some beverage powders also utilize 
this lamination. In cheese packaging where trans- 
parency is desirable from a merchandising standpoint, 
polymer coated cellophane is combined with polyeth- 
ylene as the packaging material. This lamination is 
exceptionally stable and has excellent low gas per- 
meability, especially at refrigerated temperatures. 
Several varieties of cured meats can be packed in 
either polymer coated cellophane, or, where a higher 
strength material is required, polymer coated poly- 
ester films with a polyethylene extrusion coating or 
lamination of polyethylene film. Nut meat packagers 
have used both the polyethylene polymer coated cello- 
phane and also a double or triple wound polyvinyli- 
dene chloride film. Although not accepted in the 
United States, polyamide films are being used to gas 
package frankfurters and other cured meats in France 
(2). It is conceivable that when the Food and Drug 
Administration completes its testing program on 
polyamide films (20), many useful gas packaging 
applications may be found for this material. 


METHODS AND EQUIPMENT USED TO PACKAGE 
FOOD PRODUCTS COMMERCIALLY IN GAS 


In order to achieve a successful gas package, manu- 
facturers of packaging equipment have modified their 
existing machines to incorporate inert gas into the 
formed package. Powdered products are usually 
packaged on a so-called form fill and seal machine 
operating either horizontally or vertically. 

Manufacturers of the horizontal type of automatic 
pouch formers usually attach a transparent rigid plas- 
tic hood which provides for the entry of nitrogen. 
After the pouch is formed from a single web of pack- 
aging material, it is opened with a blast of nitrogen. 
Then the nitrogen subjected product, dropped from a 
hopper above, enters a nitrogen atmosphere in the 
pouch and is sealed (13). 

In fully automatic vertical bag forming, filling and 
sealing type of machines, nitrogen flush or purging 
techniques are used. The packaging film is drawn 
tightly around the forming tube. Under controlled 
pressure and by introducing a little more nitrogen 
than is required to fill the finished package, the excess 
gas will have enough pressure to drive the oxygen 
away from the filling area. 

Other types of equipment used successfully with 
sliced foods, such as certain variety meats and cheese, 
utilize an overwrapping machine or a two web pouch 
former. In the overwrapping machine a film from a 
roll of material is automatically wrapped around the 
product placed on its surface, with a nitrogen flushing 
stream driving out the entrapped air just prior to 
sealing. 
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The pouch forming machine operates with two webs 
of material one over the other, and sandwiches the 
sliced food as it passes into a gas chamber. Fin seals 
are first formed on two sides, excess nitrogen is 
squeezed out, and end seals are then made. 


SUMMARY 

Present merchandising concepts and marketing con- 
ditions demand food products that have quality and 
convenience. Products that require little or no protec- 
tion are easily packaged depending only on a packag- 
ing material having a suitable printing surface and a 
sealable coating. Oxygen sensitive foods on the other 
hand require a lamination of materials with an ulti- 
mate goal of low gas permeability. Adding nitrogen 
or other inert gases to the food mix and filling the 
product in a nitrogen atmosphere, then forming a 
tight package around the product, increases the shelf- 
life quality and ‘‘take-home’’ convenience. Suppliers 
are experimenting with new materials constantly. 
Flexible packaging of food products with a controlled 
inert gas will continue to find new applications where 
it will extend the shelf-life of many hard-to-package 
items and will contribute in a major way to new 
methods of distribution and preservation of foods. 
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Effects of lonizing Radiation on Gelatin and the 
Role of Various Radioprotective Agents ° 


(Manuscript received May 21, 1959) 


Toxwarion RADIATION has become 
an increasingly important scientific tool in both fun- 
damental and applied research. When food polymers 
are subjected to high energy electron bombardment, 
a variety of changes occur, many of which have been 
associated with oxidation, polymerization, reduction, 
cross linking and degradation. lonizing radiation has 
been known to produce undesirable degradative 
changes such as texture and color in many food poly- 
mers. The radiation damage may be reduced by a 
variety of methods—irradiating in the frozen state, 
under vacuum, or in the presence of inert gases (5, 
2, 13, 21), being a few examples that come to mind 
immediately. Other possible methods of modifying 
radiation damage include the absence of moisture 
and the addition of chemical additives (15, 18). 

This investigation encompassed essentially a two- 
fold purpose: 


1. To study the effects of ionizing radiation on 
gelatin under multiple conditions. 

2. To determine the role of certain chemical addi- 
tives as radioprotective agents against radiation 
damage. 


MATERIALS AND METHODS 


Conditions studied. An experiment was statistically designed 
to study many variables simultaneously, These variables 
ineluded 


Conditions Variables 


Radiation Control, 2 x 10%, 4 x 10% and 6 x 10* rad. 
Additives 
Polymers 
Chemical 
Gaseous environment 
Moisture 


Gum arabic, dextrin, pectin 

Fructose, cysteine, sodium isoascorbate 
Air, nitrogen 

“As is” and “dry” * 


Preparation of samples for irradiation. Two types of neutral 
commercial gelatin, 250 bloom and 100 bloom were treated as 
follows: 

Fifteen per cent gelatin solutions containing 10% polymer 
and 0.2% chemical additives’ were prepared in cold distilled 
water. The solutions were allowed to swell for approximately 
2 hours and solubilized by heating in a water bath controlled 
at 60° C. with stirring for 20 minutes. The gelatin solutions 
were poured as thin films on stainless steel trays and allowed 


* Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, Philadelphia, May 19, 1959. 

"The polymers were originally added in an attempt to link 
them to gelatin. Although cross linking was not demonstrated, 
these polymers imparted a certain degree of protection. It is 
for this reason that they will be discussed as potential protec- 
tive agents. 

*These refer to moistures usually present in commercial 
gelatin and to gelatin which has been dried. 

“The levels added were with respect to gelatin and were 
added when ealled for by the statistical design. 


A. Bolaffi, J. F. Mezzin~, 
J. R. Lowry, and R. R. Bu ‘dwin 


General Foods Research Center, 
Tarrytown, New York 


to gel. The gels were diced into smaller pieces and dried in a 
Proctor and Sehwartz draft oven (27° C.) for 48 hours. The 
amorphous dried pieces were ground into powders in a Fitz- 
patric Mill (40 mesh sereen). One half of the powdered 
sumples were further dried in a Stokes vacuum oven (room 
temperature) for 72 hours; the other half was allowed to 
remain at ‘‘as is’’ moisture. The moisture contents were 
0-2% and 13-16%, respectively. All samples, 4 in. thick, 
were irradiated in 3%-in. standard aluminum moisture dishes 
with a 2 mev Van de Graaf accelerator (0, 2 x 10°, 4x 10", and 
6x 10° rads).* Figure 1 shows the apparatus used for irradi- 
ation under nitrogen. 


(Courtesy of High Voltage Engineering Corp.) 


Figure 1. Irradiation beam with inert gas chamber. 


Evaluation of samples. Evaluations were based on measure 
ments of gel strength and viscosity 5-6 days after irradiation. 
Gel strength was measured with a Bloom gelometer, using the 
A.O.A.C, method (19). The viscosity readings were performed 
by a procedure used in this laboratory for measuring standard 
viseosity: 

Pour 105 ml. of distilled water (10-15° C.) into a standard 
jelly jar containing 7.5 g. of gelatin. Stir rapidly to prevent 
lumping and allow to stand for 20-30 minutes. Dissolve the 
gelatin solution by placing jar in a 65°C. water bath for 
20 minutes with occasional stirring, keeping the jars stop- 
pered. The temperature of the gelatin solution should be at 
62° C. Fill the viseosity pipette with the gelatin solution from 
the jar and measure the flow time (in seconds) between the 
two marked points. Convert the recording from seconds to 
millipoises by using calibration curves for .a pipette 
viscosimeter. For the purpose of this calibration, standard 
oils, D, M, and I are most suitable. (See Supplement to Na 
tional Bureau of Standards Circular 398.) 


To compensate for the presence of the additives, all sam- 
ples were compared as 6% gelatin solutions. 


* Samples dried to ‘‘dryness’’ were packed in such a manner 
so as to prevent any uptake in moisture while in transit to the 
irradiation source (High Voltage Engineering Corporation, 
Burlington, Massachusetts). 
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IRRADIATED GELATIN AND RADIOPROTECTIVE AGENTS 


RESULTS AND DISCUSSION 


Preliminary screening of the various combinations 
showed a definite protective mechanism. Due to the 
presence of multiple variables, it was not possible to 
determine which one was responsible for this pro- 
tection. It was established, however, that ‘‘dry’’ and 
nitrogen conditions did not afford any more protec- 
tion during irradiation than the ‘‘as is’’ and ‘‘air’’ 
conditions. Consequently, these former factors were 
dismissed. To elucidate the role of the remaining 
variables, only the various gelatin-additive combina- 
tions, which showed ‘‘protective action’’ were pre- 
pared, irradiated in air and ‘‘as is’’ on a ‘‘direct 
control’’ and not a statistical basis. 

The results, based on a statistical analysis‘ (4,7, 
14) for both types of gelatin, are presented in Tables 
1, 2, 3, and 4. The per cent loss in physical proper- 
ties are tabulated for all samples with and without 
additives at each radiation dose. These results show 
the protective action of the individual additives. For 
an over-all additive effect, representative samples are 
depicted graphically in Figures 4 and 5. All samples 
demonstrating significant reductions in property 
losses are indicated with an asterisk. 

Reduction in bloom gel strength of high bloom 
gelatin is significantly minimized by either polymeric 
or chemical additives to gelatin. The protective 
effects afforded by these agents are virtually equal. 
Cysteine alone does not appear to minimize radia- 
tion damage at any dose (Table 1). 

Of the additives which were tested to determine 
their effect in protecting low bloom gelatin against 
loss in bloom gel strength during irradiation, cys- 
teine was found to give the greatest advantage 
(Table 2). 

With respect to viscosity, in high bloom gelatin, 
none of the additives show a significant reduction of 
property loss (Table 3); in low bloom gelatin, per 


‘ Signifieant at 95% confidence level obtained by: 

(x — y) is significant if (x — y) > D(1—x) 

(y — x) is signifieant if (y 2 DQ —y) 
where D = Least significant difference (LSD) in “%. 


Log LSD = t.« |. + 
Vinx a, 
where t.os = t value ny = number of samples in x average 
s =standarderror ny = number of samples in y average 


Standard error for each individual sample from the experi- 
ment were: 
2.05% for high bloom gelatin 

5% for low bloom gelatin 
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cent losses are minimized by each chemical agent 
(sodium isoascorbate, cysteine, and fructose) as well 
as dextrin (Table 4). 

The influence of ionizing radiation on the two types 
of gelatin points out an interesting relationship with 
regard to bloom gel strength and viscosity. Low 
bloom gelatin has a greater per cent loss in bloom 
gel strength than high bloom gelatin, whereas the 
reverse is true for viscosity (Table 5). This suggests 
that the two properties are affected independently by 
ionizing radiation. 

Since the heat due to irradiation was known to be 
quite high (Table 6), especially at 6 x 10° rad, it was 
neeessary to determine whether the loss in properties 
was the result of thermal energy, ionizing energy, or 
both. In order to study the role of heat, an experi- 
ment was designed which duplicated all possible 
thermal conditions during irradiation. Figure 2 


Figure 2. Heat treatment of samples with infrared reflector. 


shows the apparatus which subjected the samples to 
the same temperature during irradiation. By calibrat- 
ng the distance between the sample and the heat 
source (Infra-Red lamp—GE 250 W. 115V—125V 
Reflector), the desired temperatures, which would 
correspond to those of the irradiation doses, were 
obtained and heid for the same length of time. The 
temperatures were recorded by means of a thermo- 
couple embedded in th. gelatin. Caution was taken 
to insure that the thermocouple did not touch the 
aluminum dish (Figure 3). The time lapse between 


» 
8.15% for high viseosity gelatin the evaluation of these samples and the irradiated 
3.95% for low viscosity gelatin series was virtually equal. 
TABLE 1 
Per cent in bloom-gel strength for increasing dosages of irradiation—high bloom gelatin’ 
Radiation dose , Gelatin | Gelatin Gelatin Geletio Gelatin Gelatin 
Gelatin t + + + 
(M rads) pectin | gum arabic dextrin eee... Fem cysteine fructose 
2 7 12.3 | 2.7 | 7.6 7.0 6.4 } 6.2 6.9 
4 26.0 15.8* 17.6* 20.7 22.3 23.8 Sample lost 
6 BR.2 32.9 32.4 31.7 32.0* 39.1 


* Significantly lower from control (box). 


1 The data presented in the accompanying table are only representative of the work carried out. More extensive protocols 


23.1* 


» available. 
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TABLE 2 
Per cent loss in bloom-gel strength for increasing dosages of irradiation—low bloom gelatin’ 


Radiation dose 


: Gelatin Gelatin 
(M rads) Gelatin + 


+ 
pectin gum arabic 


— 


2 [16.1 | 17.7 14.8 
25. | 34.2 33.9 
6 | 45. 43.0 44.5 


Gelatin a Gelatin Gelatin 
+ + 


fructose 


17.2 
30.0 
Sample lost 


27.2 
39.5 
44.9 


| | 
dextrin cysteine | 


* Significantly lower from control (box). 


1 The data presented in the accompanying table are only representative of the work carried out. More extensive protocols are available. 


TABLE 3 


Per cent loss in viscosity for increasing dosages of irradiation—high bloom gelatin’ 


Gelatin Gelatin 
Ka tiation dose Gelatin + 


(M rads) pectin gum arabic 


Gelatin — | Gelatin Gelatin 
Na A + 


isoascorbate fructose 


dextrin cysteine 


49.1 wf 26.6 34.8 
58.8 41.0 40.6 
55.2 55. 51.1 50.3 


* Significantly lower from control (box). 


1 The data presented in the accompanying table are only representative of the work carried out. More extensive protocols are available. 


As indicated by Figures 4 and 5, there is no effect 
of heat on gelatin with or without additives. Bloom- 
gel strength and viscosity were virtually unchanged. 
It is apparent that reductions in these properties are 
due to ionizing radiation and not to heat. Even 
though the heat emitted by radiation was high, the 
time of exposure was too low to adversely influence 
the physical properties of gelatin. 

A recent report (1/7) indicated that doses up to 
2x10° rep (cobalt®’ source) had relatively small 
effects on the bloom-gel strength of gelatin. Earlier 
studies done in this laboratory showed that powdered 
gelatin exposed to 5x 10° rep (both beta and gamma 
radiation) resulted in a bloom loss of as much as 
35%. Figure 4 shows that doses of at least 2 x 10° 
rad result in about 13% loss in bloom. It has been 
reported (8,11) that protein solutions irradiated at 
doses insufficient to cause immediate changes are 
prone to ‘‘after effects’’ which may render the pro- 
tein more sensitive to change after irradiation. ‘‘ After 
effects’? have also been found in the gamma irradia- 


Figure 3. Thermocouple embedded in aluminum dish. 


REPRESENTS EXTREME TEMP 
RANGES ENCOUNTERED FOR 
ALL LEVELS OF IRRADIATION 


HEATED GELATIN 


+ ADDITIVES 


% LOSS BLOOM-GEL STRENGTH 
HEATED GELATIN 


IRRADIATED (RRADIATED GELATIN 
GELATIN + ADDITIVES 


Figure 4. Effect of heat + irradiation and heat alone on 
bloom-gel strength of gelatin samples. 

This graph describes data from representative samples; the effect 
is consistent for all samples. 


tion of dry cellulose and pectin (9). Such after effects 
could account for the differences mentioned above, if 
the time between irradiation and evaluation of sam- 
ples differed significantly in the two laboratories. 

The results obtained in the present investigation 
clearly show 3 significant points: (1) in general, in- 
creased ionizing radiation results in a marked redue- 
tion in gel strength and viscosity of gelatin with or 
without additives, (2) the reduction in these prop- 
erties is due to irradiation and not to the heat pro- 
duced by irradiation, (3) the per cent loss in prop- 
erties of gelatin containing the additives is signifi- 
cantly lower than gelatin irradiated alone. 

This investigation did not encompass any analyses 
for the possible mechanisms involved in irradiation. 
There are a number of reports related to this sub- 
ject (6, 10, 11). 

It has been observed in many laboratories that 
agents known to split gelatin molecules and/or aggre- 
gates result in marked losses in these physical prop- 
erties. For example, moderate treatment of gelatin 
with acid results in a dramatic fall in viscosity and 
bloom. This effect of acid treatment on the physical 
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No harsh chemical solutions used with this equip- 
ment! Products are simply exposed to steam under 
pressure (up to 120 P.S.1I.G.), and in a matter of 
seconds even the toughest skins are uniformly 
loosened, making skin elimination easy, fast and 
thorough. There’s no damage to the tender sub- 
surface nutritional layers of the product, no ex- 
cessive product waste. 

Built for various capacity requirements up to 
10 tons per hour, the FMC Steam Peeler increases 


Three FMC Steam Peelers prepare a variety of fruits and vege- 
tables for baby foods at Beech Nut's San Jose, California plant. 


LOOSENS FRUIT AND VEGETABLE SKINS FAST WITH 
MINIMUM HEAT PENETRATION TO THE PRODUCT 


yield by 7% to 10% or more, at the same time 
doing away with the high cost and disposal prob- 
lems associated with chemical peeling. Such fruits 
and vegetables as pears, peaches, apples, carrots, 
beets and potatoes are gently and efficiently proc- 
essed in continuous, automatic operation. 

Full information is contained in our “Steam 
Peeler Facts” Bulletin, Volume 5, No. 2. Write 
for your copy today, or call your nearest FMC 
representative. 


Putting Ideas to Work 


Me FOOD MACHINERY AND CHEMICAL CORPORATION 


Canning Machinery Division 


FOOD MACHINERY General Saies Offices: 


AND CHEMICAL 
ORATION 


® WESTERN: SAN JOSE, CALIF. « EASTERN: HOOPESTON, ILL. 
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... you hit on a bright idea 
each time you use 
PARAKEET® CERTIFIED COLORS. 
Give your products that 
extra “eye-appeal” that 
builds sales. Absolute 
accuracy, better-than- 
natural brilliance, undevi- 
ating purity are yours in 
every case with PARAKEET 
CERTIFIED COLORS. 


Sterwin Chemicals Inc. 


1450 BROADWAY, NEW YORK 18, N.Y. sae 
2020 Greenwood Avenue, Evanston, ILL. STERWIN 


BRANCH OFFICES: Atlanta Buffalo Dallas Evanston (ill.) Kansas City (Mo.) * 
los Angeles * Mi polis * Portland (Ore.) « St. Lovis* WAREHOUSES IN PRINCIPAL CITIES 


WORLD'S LARGEST SUPPLIERS OF VANILLIN 
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IRRADIATED GELATIN AND RADIOPROTECTIVE AGENTS 


TABLE 4 


| 


Gelatin Gelatin 
Gelatin + 
pectin | gum arabic 
2 | 27.7 | 20.7 23.9 
4 | 36.9 | 25.9 32.8 
6 | 37.2 | 30.6 35.1 


| 


* Significantly lower from control (box). 


Gelatin 


Gelatin n Gelatin Gelatin 
+ + 
P N 
dextrin i cysteine | fructose 
12.6* 17.3 8.9* | 8.5* 
13.1* 24.5* 20.4* 23.7* 
12.6* 35.8 28.8 


Sample lost 


The data presented in the accompanying table are only representative of the work carried out. More extensive protocols are available. 


properties may have resulted from a nonpeptide ran- 
dom cleavage of gelatin. It is also possible that the 
radiation doses of 2x 106, 4x 10®, 6x 10° rad may 
have randomly split the gelatin polypeptide suffi- 
ciently to cause a reduction in bloom-gel strength and 
viscosity. In the authors’ opinion it is more likely 
that direct effect on the peptide linkage could ac- 
count for this damage. Since recent evidence has 
appeared (3) which strongly suggests that the pep- 
tide linkage plays an important role in the gelation 
of gelatin, it is possible that sensitive proteins, such 
as gelatin, can be subject to direct ionizing depoly- 
merization. 

With regard to the additives, the protective mech- 
anism involved here may be due to one or several 
possible reactions. In instances where water is pres- 
ent during irradiation, it was thought that these 
agents would protect by acting as free radical ac- 


TABLE 5 


Average per cent loss in bloom gel-strength and viscosity for 
increasing dosages of irradiation’ 


Radiation dose | High bloom | Low bloom | High viscosity| Low viscosity 


(M rads) | gelatin | gelatin gelatin | gelatin 
— | 
2 65 | 16.6 37.9 18.8 
4 19.0 29.3 50.2 26.4 
6 81.1 41.9 55.7 32.4 


tive of the work carried out. More extensive protocols are available. 


ceptors, that is to say they would compete with other 
components of the system for free OH, H*, HO, 
groups formed by the radiolysis of water. This is 
considered unlikely in the irradiated gelatins because 
the presence or absence of moisture was not a sig- 
nificant variable as determined earlier in our studies. 
Recently (16) it has been shown that protective effects 
may be the result of a specific chemical reaction with 
free sulfhydryl groups of protein molecules. <Ac- 
cording to the following schematic diagram (16): 
Protein—S-—H + R-S-S-R 

Protein—S—S-R + H-SR 


The formation of the disulfide linkage may be more 
resistant to ionizing radiation than the unprotected 
sulfhydryl group. 

Alper (2) refers to a ‘‘metionic reaction,’’ which 
may involve the recapture of an e-, the repair of a 
broken bond, or the reaction with a neighboring 
ionized protein. The metionic reaction may also be 
influenced by the chemical environment; for example, 
O, has been suggested as a possible factor in prevent- 


TABLE 6 
Temperatures’ to which samples became subjected during 
irradiation” 
2 x 10° Rad 4x 10° Rad | 6x 10° Rad ont 
(Temperature ° C.) (Temperature ° C.) (Temperature ° C.) 
22-43* 21-49* 24-72* 


' Obtained by thermocouple measurements as described in the text. 
* Beam exposure time was 1 minute for each 2 M rads. 
* The data represent starting and final temperatures. 


ing reparation. The chemical protectors could aet by 
reacting with and preventing it from ‘entering 
the metionic reaction.’’ 

Alexander and Charlesby (1) suggest the possi- 
bility of protection against indirect ionization action 
by transfer agents present during irradiation. Ae- 
cordingly, electron donors such as cysteine might give 
an e to a neighboring ionized protein molecule, the 
result being a repair at the expense of these pro- 
tective agents (27). It should be pointed out that the 
chemical additives used in this investigation are all 
reducing agents and are rich in electrons. 

In conclusion then, it is rather encouraging to 
know that irradiation damage of proteins can be 
considerably minimized by protective agents. 


SUMMARY 


The effects of ionizing radiation with doses of 
2x 10°, 4x 10®, and 6x 10° rad in dry gelatin have 
been investigated. Irradiation of dry gelatin de- 
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Figure 5. Effect of heat + irradiation and heat alone on vis- 
cosity of gelatin samples. 


This graph describes data from representative samples; the effect 
is consistent for all samples 
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creased the bloom-gel strength and viscosity. The 
presence of N2 and low moisture (dry state) during 
the irradiation did not minimize this radiation dam- 
age. The heat emitted by radiation had no deleterious 
effect on the physical properties of gelatin. Several 
reducing components inhibited the changes in gel 
strength and viscosity. A few of the mechanisms 
which may be responsible for this protection are 
discussed. 
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Drained Weight Behavior in Canned Fruit: 
An Interpretation of the Role of the 


Cell Wall’ 


(Manuscript received March 23, 1959) 


Duane THE past twenty years, 
studies of drained weight changes in canned fruit 
have brought to light some consistent relationships. 
Several hypotheses already have been advanced to 
explain these relationships. In the writer’s opinion, 
sufficient data are now available to bring the separate 
results and ideas into a coherent perspective. It is 
the aim of the present discussion to propose a unified 
interpretation of drained weight behavior. 


DRAINED WEIGHT RELATIONSHIPS 


In general, the drained weight of a fruit, which has 
been canned in syrup, drops markedly below the fill- 
ing weight during the first day or two after processing 
(14, 17, 20, 25). A reversal of this decline then takes 
place (‘‘turning point,’’ TP on Figure 1), and the 
drained weight increases rapidly at first and then 
more and more gradually. In the case of canned 
whole fruits, the initial decrease in drained weight 
occurs more slowly; the turning point, with drained 
weight increase, is reached only after about three to 
seven days (14, 25). 

Eventually, a near equilibrium condition (E on 


* Stimulus for this paper issued from provocative discussions 
with R. L. Lloyd, C. O. Chichester, and R. E. Hughes, Jr. The 
author is grateful to C. R. Stocking for a critical review of the 
manuscript and to American Maize-Products Co. for financial 
support. 
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TP 
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Figure 1. Generalized course of change of drained weight 
with time in a canned fruit. F—filling weight; TP—turning 
point; E—equilibrium weight. 


Clarence Sterling 


Department of Food Science arid Tech- 
nology, University of California, 
Davis, California 


Figure 1) of little further drained weight change is 
reached. At this stage, perhaps 6 or more months 
after canning, the drained weight may be less than, 
equal to, or more than the filling weight of the 
fruit. Generally, the final drained weight is inversely 
related to the concentration of sugar in the canning 
syrup (14, 20). When ..uit is canned in heavy syrup 
(55-60% sugar content), it always has a lower 
drained weight than it did at filling (4, 14, 20). When 
water is used as the canning fluid, the ultimate 
drained weight may be higher than the filling weight 
(20, 39); however, exceptions are noted by Bedford 
and Robertson (4), Erikson and Boyden (9), and 
Hills et al. (13). 

Independently of the canning medium, other fae- 
tors have been found to affect the equilibrium drained 
weight. If pectin of low methoxyl content is added to 
the fruit, the drained weight will be higher than in 
fruit not so treated (27, 39). Usually, longer periods 
of heat treatment result in progressively lower final 
drained weights (1, 14, 25). It has been observed also 
that fruits which are softer, because of more advanced 
maturity, have a lower eventual drained weight than 
those which are firmer at the time of processing (1, 14, 
40). On the other hand, Leonard et al. (20) report 
that more mature clingstone peaches have a slightly 
higher drained weight than less mature ones. 


CURRENT HYPOTHESES OF DRAINED 
WEIGHT BEHAVIOR 


In order to explain the trend of drained weight 
changes which attend the canning of fruit, several 
types of hypotheses have been proposed. One, the 
osmotic hypothesis, has been accorded most favor, 
either directly or indirectly (1, 14, 15, 20, 25, 40). In 
this view, the membranes of the cell are selective: 
they will permit certain molecules to pass more freely 
than others. Thus, water will move through much 
more readily than dextrose which, in turn, will move 
through more readily than sucrose, ete. 

When there are differences in sugar concentration 
(1.e., differences in water activity) between the living 
cell and its environment, movement of water will 
occur in the direction from regions of higher, to those 
of lower, water activity. In hypertonic solutions, cells 
will therefore tend to lose volume as water leaves the 
cell. In hypotonic solutions, they will tend to gain 
volume because of water entry. 

Support for the osmotic concept presumably is 
derived not only from the drained weight data cited 
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above but also from osmotic experiments with living 
cells (7, 37). These latter show that the protoplasmic 
membranes of such cells are much less permeable to 
sucrose, for example, than to water or simple sugars. 

A second major viewpoint has developed from ex- 
periments which involve pectic substances in canned 
fruits. Whittenberger (39) proposes that a canned 
fruit is essentially a ‘‘cellulose sponge,’’ whose 
drained weight depends upon the strength of the 
cement (pectic materials) between the cellular units 
of this sponge. Hence, drained weight is lowered by 
processing conditions (such as longer periods of heat- 
ing) which weaken the middle lamella via solubiliza- 
tion and pectic degradation. Drained weight is also 
decreased by the use of pectic extractants and in- 
creased by the addition of low-methoxyl pectin and/or 
ealeium salts. On the other hand, Sidwell and Cain 
(27) found a variable effect on drained weight when 
raspberries were dipped in solutions of calcium salts 
before processing. Likewise, Erikson and Boyden (9) 
could not obtain consistent results with the use of 
calcium in the canning syrup for different fruits and 
vegetables. 

Some workers (14, 20) have related the ultimate 
drained weight to the elastic properties (‘*‘firmness’’) 
of the cell wall. Since over-mature fruits and those 
which have been over-processed have lowered drainet 
weights, it is proposed that cell wall rigidity has an 
important bearing on the final drained weight. Crafts 
(6) has indicated that blanching softens the cell walls 
of fruit tissues. It is not clear what component(s) of 
the cell wall may be affected by the heat treatment. 
Presumably the pectic si:cstances are in large part 
involved, as they are in the ripening process (19). In 
these cases, the pectic materials within the cell wall, 
rather than those in the middle lamella, would be 
concerned, 

Finally, Adam and Stanworth (2) have suggested 
that, in processed vegetables, drained weight increase 
above the filling weight is due to the hydrophilic swell- 
ing of starch and protein components within the cells. 


OSMOTIC RELATIONSHIPS 


In the living cell, water movement is primarily an 
osmotic” phenomenon. The interposition of selec- 
tively permeable (protoplasmic) membranes between 
the cytoplasm and its aqueous milieu is a governing 
factor in the water economy of a parenchymatous cell. 
As long as the membranes are more permeable to 
water than to the dissolved or suspended particles, 
the difference in water activity on both sides of the 
membrane usually determines the direction of water 
movement. Water activity is a function of both hydro- 
static (turgor) pressure and solute concentration. To 
be sure, upon the expenditure of energy by the cell, 
water movement may occur against the activity 
gradient and solute movement against the concentra- 
tion gradient. 


"Osmosis may be defined as the movement of a solvent, 
through a membrane permeable to it alone or to it more than 
to the suspended solute, from a region of greater solvent ac- 
tivity to one of less solvent activity. 


The protein denaturation which is effected by 
changes in pH, temperature, salt concentration, ete. 
often leads to a greatly increased permeability of 
protoplasmic membranes. Death of the cell results in 
an ‘‘irreversibly inereased’’ permeability of those 
membranes (37). Inasmuch as heat treatment during 
the canning process is lethal, the selective permeability 
of the living parenchyma cell is lost. Hence, osmotic 
phenomena can no longer be involved in water move- 
ment, at least when simple mono- or disaccharides are 
the solutes concerned, The cell wall itself appears 
already to have sufficiently large ‘‘pores’’ to permit 
ready sugar diffusion (7, 37). 

There is an exception to this generalization. The 
presence of a well-defined layer of cutin or suberin 
over the surface of the fruit seems to be significant. 
Such a layer in seed coats can act as a selectively 
permeable membrane (18, 26). If the canned fruit is 
completely covered by a cutinized epidermis, the 
drained weight changes—although parallel in diree- 
tion to those in peeled fruit—will be much restricted. 
Changes which occur in hours in peeled fruit may 
take days in unpeeled fruit (see above). 


It has been found that, at the turning point, the 
content of sugars in the fruit is lower than that of the 
surrounding syrup (17, 20, 25). However, at this 
point, the activity of water in the fruit is presumed 
to balance that in the syrup because the cell sap of 
the fruit contains other solutes: salts, amino acids, 
tannins, ete., in addition to various types of sugars. 
Therefore, the suggestion has been made (17, 25) that 
a particular sugar can continue to diffuse into the 
fruit because of its own concentration gradient. The 
consequent relatively decreased activity of water in 
the fruit brings about a further movement of water 
from the syrup into the fruit to equalize this activity. 
More sugar can then move in, more water, and so on— 
to augment the drained weight of the fruit. 

There are some serious objections to this explana- 
tion of the turning point. Although its proponents 
have not so stated explicity, it assumes the presence, 
not only of a selective permeability, but also of un- 
directionality : toward the fruit and not in the reverse 
direction. Inasmuch as the selective permeability of 
the protoplasmic membranes has been lost, it is 
equally possible for the other components of the fruit 
(sugars, salts, acids, ete.) to move from the fruit into 
the surrounding syrup because of the concentration 
gradients which exist for these substances. Such 
movement is well-known indeed for sugars, soluble 
pectins, water-soluble pigments (11), acids (1, 11), 
and other compounds. Therefore, on an osmotic basis, 
the activity of water with respect to solutes should 
remain more or less balanced at the turning point 
(isosmotie equilibvium). (The réle of Donnan equi- 
librium phenomena in salt retention by large colloids 
of the tissues has not been evaluated. ) 

Also, under this assumption, the drained weight of 
fruit canned in more concentrated syrup should be 
higher than the filling weight: Since the initial differ- 
ence in sugar concentration between syrup and fruit 
is greater, proportionally more sugar can go into the 
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fruit than is the case with a less concentrated syrup, 
and thus more water should enter the fruit, to enhance 
its drained weight. Nevertheless, it has already been 
found that the reverse situation is true: the more 
concentrated the canning syrup, the more restricted 
the drained weight recovery (14, 20). 

Another expectation is that there be a restriction 
on movement of sugar molecules via these differen- 
tially permeable membranes. Hence, diffusion of 
sugars should be rather slow, and after isosmotic 
equilibrium is reached, the attendant intake of water 
should be correspondingly gradual. However, after 
the turning point has been reached, a sharp reversal 
occurs, and the rate of gain of drained weight is 
almost as rapid initially as the loss of weight on 
canning. 

Thus, simple osmotic relationships do not seem to 
be involved in drained weight recovery after the isos- 
motice point is reached. 


THE “CELLULOSE SPONGE” 


Where cellular sloughing occurs, it would be ex- 
pected that the strength of the intercellular cement 
should play a large role in determining the ultimate 
drained weight of a canned fruit. However, as a 
total explanation of the course of changes in drained 
weight, the unmodified theory of the cellulose sponge 
has a limited significance. 

(1) A principal inadequacy is that this idea cannot 
account for the increase in fruit weight after the 
turning point has been attained. (2) Another de- 
ficiency is the lack of am adequate explanation of the 
role of syrup concentration in determining ultimate 
drained weight. (3) Where cellular sloughing does 
not oecur, the strength of the middle lamella itself 
would seem to have little bearing on drained weight 
relationships. 


CELL WALL FIRMNESS 


The elastic properties of plant cell walls are well 
known (12). In cells with thick, secondary walls, 
these properties derive primarily from the high erys- 
tallinity of native cellulose (cellulose I). The thin 
walls of enlarging cells are niore plastic, and in these 
the proportion of cellulose in the cell wall is minor: 
as little as 2.5% of the total content (10). The paren- 
chyma cells of fruit flesh have relatively thin ‘‘pri- 
mary’’ walls. 

Hence, the properties of the primary cell wall are 
not exclusively, nor even in large part, those of cellu- 
lose. During growth, wall extension occurs regardless 
of the cellulosic network. Investigations on ripening 
fruits of prune (29), peach (3), and pear (30) have 
shown the occurrence of cell wall lysis during matura- 
tion. In the absence of authenticated demonstration 
of cellulases in fruits, breakdown of the wall must be 
attributed to degradation of noncellulosie, probably 
pectic, materials. Consequently, the cellulosic micro- 
fibrillar network is not sufficiently tenacious to main- 
tain the integrity of the cell wall in these fruits. 

While a pectic gel is generally weaker than a cel- 
lulosie gel (5, 12), the cellulose-reinforced pectic gel 
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of the cell wall does have considerable rigidity and 
strength: although in cooked plant materials, failure 
under stress usually occurs in the middle lamella (34), 
in uncooked tissues, failure often occurs across cell 
walls rather than along the middle lamella between 
them (22, 34, 35, 39). 

During fruit shrinkage in canning syrup, the cell 
walls are deformed. If the pectic materials in a wall 
exist as a rigid gel, that wall will be better able to re- 
establish its original form upon release of the stress 
than one in which the pectic substances are degraded. 
The importance of cell wall firmness (high relaxation 
time) lies in the potentiality of re-establishment of 
cell shape. 

Nevertheless, much the same objections, which were 
raised regarding the cellulose sponge hypothesis, are 
applicable here also (see above). 


HYDROPHILIC MATERIALS 


The effectiveness of hydrophilic compounds in 
drained weight recovery resides in two directions. 
First of all, these materials give tlie possibility of 
water sorption and the consequent re-establishment 
of original cell volumes in the absence of turgor. 
Secondly, they will be among the substances which 
restrict water activity in the fruit when sugars are 
still present in greater concentration outside the fruit. 

However, when the turning point is reached, the 
hydrophilic materials are already restricting water 
activity. Hence they cannot exert any extra, inde- 
pendent attraction for water molecules to account for 
the reversal of the drained weight trend. Moreover, 
the living cell has no air spaces within its wall, and 
all its parts are already hydrated. It is difficult to 
picture a mechanism by which the unaltered hydro- 
philic materials within the cell could increase the 
weight of the fruit to a value higher than the fresh 
weight. If the polysaccharides of the cell walls are 
swollen by cooking, then there is indeed a possibility 
for ultimate weight increase in excess of the filling 
weight. 

It is important to visualize the canned fruit as 
essentially a loose, open network (39). The solutes of 
the fruit and of the syrup can attain a fairly close 
approximation to complete equilibrium throughout 
the syrup and fruit in a reasonable period of time. 
Hence, except for denatured protoplasmic proteins 
within the cell boundaries, fruit and syrup should not 
be regarded as separate entities after canning (at 
least, when peeled fruit is considered). Rather, a dis- 
tinction should be made between cell wall substances 
and the solution which bathes them. 


ANCILLARY DATA REGARDING CANNED FRUIT 


A neglected factor, mentioned briefly about 20 
years ago (14), is significant in interpreting the 
equilibrium drained weight. It has been noted that 
the final weight may exceed the filling weight in 
peaches by as much as 3.7% (20) and in carrots by as 
much as 16.3% (2). Since the cells are no longer 
turgid (see below), the increase in weight cannot be 
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due to an increased volume of the cell lumina. Per- 
haps some increase in cell wall volume takes place, 
and undoubtedly some contribution to increased 
weight is caused by soluble solids from the canning 
fluid. 

Because peaches canned in water have a drained 
weight higher than the filling weight at six months 
(20), the soluble solids content is not a significant 
factor here. A pertinent explanation is that suggested 
by Hirst and Adam (14); filling of the intercellular 
spaces with syrup fluid. In the living fruit, these 
spaces are filled with air, and the total volume may 
be considerable. As high as 15% of the total tissue 
volume in fresh peaches may be air space (38). Reeve 
(24) has computed that 20-27% of the volume of the 
flesh of an apple fruit is oceupied by intercellular air 
spaces. Heat treatment, particularly with a vacuum, 
helps drive out the intercellular air (2, 6, 38) and 
may further enlarge the intercellular spaces (34). 
Thus, Adam and Stanworth (2) have found that 
longer blanching times in vegetables yield higher 
drained weights. The presence of these spaces there- 
fore gives the potentiality for recovery of drained 
weight to a value higher than the filling weight. 
(Naturally, the adhering syrup also augments the 


drained weight. The fruit surface may be dry when’ 


the filling weight is measured.) 

In a recent study (33), in which peach tissues were 
cooked or canned in syrups which contained radio- 
active sugars, radioactivity was found to be highly 
concentrated in the cell walls in the fruit. It was con- 
cluded that the sugars were adsorbed against a con- 
centration gradient, via hydrogen-bonding. These 
bonds would occur between hydroxyl groups on the 
sugar molecules and hydroxyl groups on polysaccha- 
ride molecules (cellulose, pectic materials, hemicel- 
luloses, ete.) in the cell wall. 

A sugar-adsorbing role for the cell wall could help 
explain the rapid entry of sugar molecules into the 
fruit tissue. It could also explain the production of 
a surplus concentration of sugar within the cell wall, 
with the consequent lowering of water activity in that 
structure. Peetic materials would have an important 
role in this adsorption because of their hydrogen- 
bonding capacity, much larger per unit molecular 
weight than is available in the more highly crystalline 
cellulose. 


PROPOSED EXPLANATION OF DRAINED 
WEIGHT BEHAVIOR 


1. The initial decrease in drained weight. Immedi- 
ately upon immersion of the living fruit in cold 
canning syrup, a rapid osmotic action is initiated. 
However, the heat of the canning operation soon kills 
the cells, the differential permeability of the proto- 
plasmie membranes is lost, and osmosis (insofar as it 


coneerns ‘‘selective’’ membranes) ceases. Thereupon, 
the solutes in fruit and syrup can follow their own 
pathways of diffusion more or less freely. Water 
movement is based on differences in water activity 
between fruit and syrup: at first, the gradient of 
water activity is so great and the mass movement of 


sugars so much slower than that of water, that a net 
movement of water occurs outward from the fruit. 
Hydrostatic pressure differences between fruit and 
syrup may lead to shrinkage and even compression of 
the fruit tissues. 

Even in water, an immediate decrease in cell volume 
(henee, drained weight) will occur upon heating (2, 
16). Inasmuch as the walls of the turgid living cells 
are distended by the hydrostatic pressure of the cell 
sap, relief of that pressure (because of increased mem- 
brane permeability) will lead automatically to smaller 
cell volumes. 

Another effect of the heating, as mentioned above, 
will be the expulsion of a large part of the air from 
the intercellular spaces. These latter will also be 
enlarged by heating (34). Most of the remainder of 
the air will slowly dissolve in the syrup fluids during 
storage after processing. The air will be replaced by 
syrup fluids, which can thus contribute to an increase 
in the weight of the fruit. 


Heating in pure water will also cause some rupture 
of hydrogen bonds between polysaccharides in the cell 
wall, creating a swelling tendency. However, this will 
be counterposed by a desiccating action in syrup solu- 
tions: depending upon the relative sugar concentra- 
tion in the canning syrup, a great or lesser amount of 
water may be withdrawn from the cell walls of the 
fruit (15, 31). Since the polysaccharides in the walls 
have a gel-like organization, removal of water can 
bring their molecules closer together, permitting 
greater extents of polymer-polymer hydrogen bond- 
ing. For cellulose (28), pectic acid (32), alginie acid 
(36), and starch (18), these bonds have been shown to 
be rather tenacious. They can be broken only with 
great difficulty. 

Formation of such bonds could have two adverse 
effects on ultimate drained weight: (1) decrease in 
number of hydroxyl groups available for bonding 
with sugars, and (2) maintenance of a deformed con- 
figuration in a ‘‘shriveled’’ or bent cell wall. This 
last effect would permit relaxation of the deforming 
stress, and the deformed cell wall would even offer a 
resisting force to expansion of neighboring cell walls 
during later re-entry of water. Hence, cell wall 
rigidity (resistance to deformation) is of great im- 
portance in re-establishing the original volume of the 
fruit. 

2. The turning point equilibrium. At the stage at 
which the turning point is attained, a balance of 
water activity will be reached between the ambient 
syrup, the cell sap, and the cell walls. However, solute 
concentrations are not equivalent at this stage. Solute 
molecules will be diffusing actively in directions de- 
termined by their individual concentration gradients. 
Sugars, for example, will be moving into the cell sap 
and the cell walls (17, 33). Components of the cell 
sap, unrepresented in the syrup, will be moving out 
into the latter, but the major part of these will still 
be present deep within the fruit tissues. Such im- 
balances of solutes will not exist because of differential 
permeability in protoplasmic membranes; they will 
be due to the fact that these is a definite diffusive time 
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constant for these solutes, particularly affected by the 
movement of the solutes through the fine capillary 
pores of the cell wall. 

3. The subsequent increase in drained weight. The 
equilibrium of water activity at the turning point is 
quite transitory. As more and more sugar is taken 
up by the cell walls of the fruit, there is an abrupt 
reversal of the principal direction of water movement. 
The normally existing concentration gradient for the 
syrup sugar(s) is probably enhanced by the con- 
tinual adsorption of those sugars on cell wall poly- 
saccharides. Thus, the concentration gradient is kept 
at a high level. Water movement will then follow 
sugar movement closely, as the gradient of water ac- 
tivity changes correspondingly. As the rehydrating 
cell walls straighten, the cell volume is increased, and 
augmentation of the drained weight takes place. 

4. The final equilibrium. When the sugar molecules 
begin to saturate the free hydroxyl groups in the cell 
wall (7.e., have as much tendency to be adsorbed on a 
polysaccharide molecule as remain in solution), the 
rate of sugar movement will decline, and the rate of 
water uptake in the walls will become less and less 
rapid. Other organic and inorganic compounds will 
be establishing a diffusive equilibrium between fruit 
and syrup, further leveling differences in water 
activity. 

The theory proposed here predicts that, at the final 
equilibrium—with fruits in syrups of mono- and di- 
saccharide types of sugar—the sugar concentration 
(molecules of sugar per unit volume) should be higher 
in the fruit than in the surrounding syrup. This pre- 
diction follows from the assumption that there is an 
equilibrium between sugars adsorbed on the cell wall 
and those dissolved in the cell sap and that there is an 
equality between sugar concentration in the cell sap 
and that in the ambient syrup.‘ 

Ultimate drained weight is dependent on initial 
syrup concentration because of its réle with respect to 
cell wall dehydration. The amount of shrinkage of 
the wall polysaccharides will determine the amount of 
replacement of polymer-water hydrogen bonding by 
polymer-polymer hydrogen bonding. As discussed 
above, the effect will be twofold: (1) decreasing the 
availability of -OH groups for future sugar- or water- 
bonding and (2) producing a certain amount of per- 
manent wall deformation. It is well to note that 
because of the dehydration effect, fruit canned in 
heavier syrup will be firmer than that canned in a 
lighter one. 

Larger polysaccharide molecules, such as pectinic 
acids and maltosaccharides may be present in the 


* Wiegand (4/) reported on experiments with canned cher 
ries: ‘‘In testing the syrups of these lots, it was noticed that 
only very small traces of invert or simple sugars were present, 
although a eonsiderable quantity had been added to each lot. 
Additional tests on cherries further verified our surmise that 
the fruit had actually absorbed the simple sugar.... ’’ Data 
of Dr. B. 8S. Luh show that in peaches stored for 6 months, 
perhaps not yet at complete equilibrium, the average ‘‘ equi 
librium’’ Brix value was already~slightly higher than the syrup 
Brix value in 16 of 19 experimental lots. Ross (25) also found 
that, after 13 months’ storage, the Brix value of cherry fruits 
was higher than that of the syrups. 
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syrup solution. If these pass through the cell wall 
only with difficulty, their sugar adsorbing and water 
sorbing role will be competitive to that of the poly- 
saccharide molecules of the cell wall. The equilibrium 
distribution of simpler sugars between fruit and syrup 
and the resultant drained weight will be modified cor- 
respondingly ; vide Ross’ (25) results with different 
types of corn syrup. 


DISCUSSION 


Leonard et al. (20) note that the drained weight of 
riper clingstone peaches tends to be slightly higher 
than that of less ripe peaches. Apparently degrada- 
tion of pectic substances does not proceed as far in 
this fruit as in the freestone peach (3, 23), and the 
cell walls remain thick-walled and rather rigid. , How- 
ever, intercellular spaces probably increase in. size 
with increasing maturity. These spaces would permit 
more fluid to enter the fruit, augmenting the final 
drained weight. 

Whittenberger (39) has found that with progres- 
sively longer storage of fresh cherries, as well as with 
bruising, there is an increase in the processed drained 
weight. Bruising must be succeeded by a short period 
of storage to be effective. Following the other findings 
of Whittenberger (39), it can be presumed that dur- 
ing senescence and/or bruising, calcium pectate is 
formed within the cell wall. Two events could be in- 
volved: (1) leakage of cell sap with included calcium 
ions from dead or dying cells, and (2) activation of 
pectin methylesterase (21, 31). Increasing rigidity of 
the cell wall, availability of hydroxyl groups, and ad- 
hesion in the middle lamella would inerease the 
drained weight. The need for a period of delay after 
bruising and before processing undoubtedly reflects 
the time required for the different reactions to oceur. 
The failure of some workers (9, 27) to confirm Whit- 
tenberger’s findings is probably due to different ex- 
perimental conditions and materials. 


SUMMARY 


An evaluation of current hypotheses of drained 
weight changes in canned fruits has been made. 
Observations on factors affecting these changes have 
been interpreted to assign the polysaccharide mole- 
cules of the cell wall a more significant réle than 
hitherto ascribed them. 

A new theory has been proposed, as follows: after 
canning, the movement of the water and solutes pro- 
ceeds according to respective gradients of activity or 
eoneentration. In sugar syrup, the fruit shrinks be- 
cause water leaves the fruit faster than syrup solutes 
can move in to equalize solute concentrations. Abrupt 
cessation of water movement from the fruit and re- 
versal of its direction of movement is due to the 
uptake of sugars in the cell walls, probably by hydro- 
gen bonding of the latter with cell wall polysaccha- 
rides. The higher concentration of sugar in the walls 
permits water to move into them and produce a more 
hydrated condition there. Thus, cellular volume and 
drained weight will inerease. 


| 
| 
= 
| tm, 
| 
ft 
| 
| 
| 
| 
| 
| 
| 
} 
| 
| 
| 
| 
| 
| 
| 
: 
| | 
| 
| 
| 
| | 
| 
| 
| 
a 
| 
| 
| 
| 
oF 
‘| 
| 
| ia 
| 


634 FOOD TECHNOLOGY, NOVEMBER, 1959 


Various determinants of ultimate drained weight 
have been considered, with special emphasis on volume 
of intercellular air spaces, cell wall dehydration, cell 
wall deformation, and polysaccharide content of the 
cell wall. 
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Ix RECENT YEARS considerable in- 
terest has developed in the use of ionizing radiation 
for the sterilization preservation of foods. It has been 
shown, however, that undesirable chemical and organo- 
leptie changes occur during irradiation and subse- 
quent storage of some foods, including meats. These 
changes must be inhibited in order to apply ionizing 
radiation for commercial preservation of meats. 

Heating prior to or after irradiation is necessary 
for the inactivation of proteolytic enzymes (1, 5, 7). 
Heat treatment of uncured meats initiates an oxida- 
tive change in the tissue lipids which is largely re- 
sponsible for loss of palatability during subsequent 
storage (22, 26). This change is encountered not only 
in cooked meats preserved for long periods of time, 
but even in left-over meats held in the refrigerator for 
short storage periods. The off flavor of cooked stored 
ineats is described as left-over, stale or rancid. The 
lipid involved in the oxidation has been shown to be 
present in a fraction composed of phospholipids and 
protein bound lipids rather than triglycerides (24) 
and the reaction is catalyzed by the ferric hemi- 
chromogen of cooked meats (26). The oxidation may 
be followed by the thiobarbituric acid test on the 
whole meat tissue itself or on a distillate, but not by 
peroxides on extracted fats (24). 

The nature and origin of the off odor in irradiated 
cooked meats has not been explored thoroughly as yet. 
Although at least part of the off odor is produced by 
the irradiation itself, acting on the non-fatty con- 
stituents of the meat, it is probable that the above 
described reaction involving lipids is concerned also. 
As in the case of the unirradiated cooked meats, it 
should be possible to follow such a reaction with the 
thiobarbituric acid test. An experienced panel, 
trained to recognize the rancid odor, should be able 
to identify it if it is contributing to the off odor of 
cooked irradiated meats. 

If some of the flavor changes in irradiated cooked 
meats are oxidative in nature, the use of suitable anti- 
oxidants might be expected to eliminate the oxidative 
components of the off flavor. Tims and Watts (22 
found that the use of polyphosphates with ascorbic 
acid as antioxidants inhibited the development of the 
oxidative off odor in unirradiated cooked meats. They 
might be expected, therefore, to exhibit the same 
properties in irradiated cooked meats. 

In searching for other suitable antioxidants, solu- 
bility in water is an important consideration since 
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the antioxidant must be distributed throughout the 
meat tissues. Metal chelating ability is also essential 
if the antioxidant -is to act synergistically with ascor- 
bie acid (9, 25). 

The flavonoids, a widely distributed group of plant 
substances, are of considerable interest as possible 
antioxidants and copper complexers (2, 17). Tea, 
among food plants, contains an unusually high propor- 
tion of flavonoids and other polyphenolic substances. 
Of the total solids of black tea, 16% or more are 
phenolic compounds extractable with boiling water. 
Green tea contains even more (3, 15). Lea and Swo- 
boda (11, 12) reported that several tea polyphenols 
show antioxidant activity on a weight basis of the 
same order as that of propyl! gallate and on a molar 
basis they are considerably better. 

Lewis and Watts (14) investigated the copper com- 
plexing properties of a relatively new antioxidant, 
2,4,5-trihydroxybutyrophenone (10, 19). Addition of 
ascorbic acid showed a synergistic effect. 

The strong copper chelating abilities of nucleic 
acids and certain of their constituents have been ob- 
served recently by Frieden and Alles (8). Although 
their use as antioxidants alone has been reported as 
ineffective (13), their combination with ascorbic acid 
might prove to be successful. 

The incorporation of tomato products in meats to 
be cooked and irradiated has been reported to improve 
flavor scores of irradiated meats (4). Whether the 
protective effect of tomato products might be ascribed 
to inhibition of tissue rancidity by natural antioxi- 
dants or to an effect on the irradiation odor is not 
known. 

Activated charcoal, enclosed at the top of the can 
prior to irradiation has been reported to improve the 
odor of irradiated beef (21). Whether volatile com- 
pounds responsible for the rancid odor or irradiation 
odor or both were absorbed is not known. 

The purpose of this study is to determine whether 
the oxidative products measured with the thiobarbi- 
turic acid test are substantial components of the off 
odor of irradiated cooked pork and if so, whether the 
oxidation can be inhibited and the odor improved by 
the use of the antioxidants and other additives de- 
scribed above. 


METHODS AND MATERIALS 


Source and preparation of meat. Fresh, uncured pork hams 
were purchased at a local market. Previous histories of the 
meats were unknown. The meat was ground onee, using a 
Ward’s electric food chopper, model VGS-5169A. After 
thoroughly mixing by hand in order to obtain a homogeneous 
product, lots were weighed out for experimental treatment with 
antioxidants as recorded below. The treated meat was packed 
tightly inté 307 x 113 C enameled cans, 175 g. to the can, sealed 
immediately at atmospheric pressure and cooked in a steam 
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bath to an internal temperature of 70°C. After cooking, the 
eans were cooled, packed with dry ice and shipped by air ex- 
press to the Argonne National Laboratory, LeMont, Illinois. 
Half the cans received 2.0 or 4.6 x 10° rad of gamma irradi- 
ation, while the rest were not irradiated but otherwise handled 
in the same way as the irradiated ones. After irradiation all 
eans were packed in dry ice and returned to Tallahassee within 
48 to 60 hours. Upon their return, irradiated cans were stored 
at room temperature, while unirradiated ones were stored in 
the freezer at --22° C, 

Addition of antioxidants. Al! antioxidants were added to the 
ground meat in the raw state and thoroughly mixed by hand. 
Since only a small amount of antioxidant was used, special 
care was taken to obtain thorough incorporation of the anti- 
oxicants into the meat. The following antioxidants and odor 
sea vengers were used, 


a. Sodium tripolyphosphate (NasPsOw, Calgon) was added at a 
concentration of 0.5% in a powder form. 

. Green tea extract was prepared by steeping 20 g. green tea 
in 180 ml. of distilled water for 10 minutes at 90-95° C. 
with constant stirring. The extract was then decanted. One 
and five ml. of the extraet were added to 100 g. portions of 
meat to give concentrations of soluble tea components cor- 
responding to 0.1% and 0.5%, respectively. Water was 
added in the same proportion to control samples. 

. A 10% solution of 2,4,5-trihydroxybutyrophenone (East 
man) in propylene glycol was prepared and 1 ml. of the solu- 
tion was added to 1000 g. portions of meat, giving a con- 
centration of 0.01%. Solvent was added in the same propor- 
tion to control samples. Several days were required for com- 
plete solution of the antioxidant in the solvent. 

In a previous experiment in which 2,4,5-trihydroxybutyro 
phenone was dissolved in ethyl aleohol, a strong foreign odor 
was detected in both irradiated and unirradiated samples. 
This was found to be due to the ethyl aleohol. Even in pro 
portions of 0.1 ml. to 100 g. of meat, ethyl a‘cohol alone 
produced a definite off odor in the cooked meat. 

. A commercial condensed tomato soup was purchased at the 
loeal market and added to the meat in the proportion of 35 
parts soup to 65 parts meat by weight (4). 

. Sodium nucleate from yeast (Sehwarz Laboratories) was 

added te the meat at a concentration of 0.1% and 0.05% and 
adenosine triphosphate was added at a concentration of 
0.005%, both in a powder form. 
Ground cooked meat was packed in cans, then packets of 
activated charcoal (West Virginia Pulp and Paper Co., 
Nuchar C aetivated carbon 30 mesh) sealed in a non-woven 
tea bag stock paper were placed on top of the meat. The 
cans were sealed and irradiated. 


In experiments where the synergistic effect of sodium ascor 
bate with the above antioxidants was studied, sodium ascorbate 
was added at a concentration of 0.22% in a powder form. The 
two were thoroughly blended before adding to the ground meat. 

Assay techniques. Juice losses were measured as ml. of liquid 
drained from the cans immediately after opening, excluding 
any melted fat, and calculated as per cent of the total weight 
of meat. For all other assays the entire contents of the can 
were ground, the juice added back and thoroughly mixed be- 
fore sampling. 

For pH determinations the ground sampies were mixed 
with an equal weight of water. A Beekman model H2 pH meter 
was used. 

Raneidity of tissue lipids was measured with the thiobarbi 
turie acid test. For some experiments, the procedure of Turner 
et al, (23) was used and the results expressed as ‘‘ TBA, opti 
eal density.’’ For other experiments, a distillation method was 
used (24) and the results expressed as ‘‘TBA number,’’ i.e. 
mg. of malonaldehyde per 1000 g. of meat, as suggested by 
Sinnhuber and Yu (7/8). The results of the two methods are 
not strietly comparable. [f Turner's method is employed, lipid 
oxidation oceurs during the test itself, giving a high base line 
when meat is fresh. Conversely, low results are obtained with 
this method when oxidative rancidity is advanced because of 
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incomplete extraction of malonaldehyde. Both methods were 
employed in one experiment (Table 5). 

Organoleptic evaluation. Coded samples were presented to a 
panel of 6 to 12 judges previously selected for their ability to 
reproduce their own judgments. Usually not more than four 
samples were presented to the judges at any one time, as this 
seemed to be the maximum number for efficient judgments. In 
experiments confined to unirradiated material, the judges were 
asked to rate the intensity of the rancid off odor on the fol 
lowing 6-point scale: not detectable, just detectable, moderate, 
moderately strong, strong, and very strong. In experiments 
which ineluded irradiated samples, the judges were asked to 
rate the intensity of the off odor on the same scale and to 
indicate whether it was rancid, irradiated, or both. 

In evaluating the results, numerical ratings of 6 (not detect- 
able) to 1 (very strong) were assigned and the average scores 
computed for each sample at each storage period. Wileoxon’s 
mateched-pairs signed-ranks test (16) was employed to evaluate 
the significance of differences between average scores. In some 
eases where there was not much change during storage, the 
results of several storage periods were combined for statistical! 
analysis. Differences were termed highly significant if the level 
of signifieanee was .01 or less, significant at levels from .01 to 
and ineluding .05, and not significant if the level was greater 
than .05. 


RESULTS AND DISCUSSION 


Tables 1 through 7 show the effects of the different 
antioxidants, together with a statistical evaluation of 
taste panel results. In general, unprotected irradi- 
ated samples have lower TBA values than the unpro- 
tected unirradiated ones. This is thought to be due 
to pigment changes occurring during irradiation. 
The denatured globin hemichrome, which is postu- 
lated to be responsible for the catalytic oxidation of 
lipids (26) is partially reduced to the corresponding 
denatured globin hemochrome by gamma irradiation 
(20). The latter, like nitric oxide hemochromogen, is 
believed to be inactive as a catalyst for fat oxidation. 
It is possible that the observed TBA values in irradi- 
ated samples measure fat oxidation which occurs be- 
fore irradiation. Some pigment destruction due to 
opening of the porphyrin ring during irradiation (6) 
may also contribute to decreased catalytic activity. 

It was observed also that TBA values of unpro- 
tected irradiated samples decreased during storage. 
It is not known whether this is due to progressive 
loss of pigment or to destruction or interaction of 
the malonaldehyde precursors during storage at room 
temperature. The unirradiated unprotected samples 
generally maintained high TBA values throughout 
the storage period. 

TBA values of the protected irradiated samples 
were slightly higher than those of the protected un- 
irradiated ones. They are, however, usually below 
the threshold value of the rancid odor, which can not 
be detected by a taste panel if the TBA values are 
below .4 to .6 optical density for Turner’s method 
(26) or 8 to 1.0 mg. malonaldehyde per 1000 g. of 
sample for the distillation method (24). Antioxi- 
dants, therefore, give considerable protection and an 
improved product. 

The best results were obtained by the combination 
of tripolyphosphate and sodium ascorbate (Table 1). 
Even the tripolyphosphate alone was effective over 
a six month storage period. Good results were also 
obtained with the green tea extract in combination 
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with ascorbate, even in the smaller tea extract con- 
centration of .1% (Table 2). 2,4,5-Trihydroxybutyro- 
phenone (Table 3) gave better protection alone, than 
in combination with sodium ascorbate. Because of 
limited solubility, this antioxidant is particularly 
difficult to distribute uniformly. This might explain 
the results. 

Condensed tomato soup (Table 4) gave some bene- 
ficial results, but this was the least effective of all 
antioxidants used. The improvement in odor brought 
about by the tomato product is believed to be a re- 
sult of its antioxidant activity. The strong odor of 
tomato tended to mask off odors to some extent. 

Table 5 shows the results of a preliminary experi- 
ment in which the antioxidant properties of yeast 
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sodium nucleate were investigated in unirradiated 
pork. The samples containing this preparation had 
an off odor which was mistaken by many of the 
judges for the irradiated off odor. It was considered 
possible that this might be due to impurities in the 
preparation rather than to the nucleic acids them- 
selves. However, in a second experiment on pure 
adenosine triphosphate (Table 6) the same off odor 
was noted in unirradiated as well as in irradiated 
samples. The off odor at the low concentration tried 
(.005% ) seems to preclude utilization of this class 
of compounds as antioxidants. The close similarity 
of the off odor to that induced by irradiation of meat 
suggests the possibility that purines or their decom- 
position products derived from nucleoproteins by 


TABLE 1 


| 

Treatment 
erlo pH | Drip 

| | 
1 Month | 8.0 
i | 12.5 
Tripolyphosphate... 6.8 
Tripoly. plus ascorbate..................... nanindu | 4.3 
6.20 12.0 
Tripolyphosphate... «| 6.57 6.0 
| Tripoly. plus ascorbate... | 6.49 4.5 


2>1,3,4;4>1, 3; 3 >1 all highly significant. 


Effects of tripolyphosphate and sodium ascorbate on irradiated cooked pork 


TBA 
optical 
density 


! Statistically significant differences in sensory scores, by code numbers 


Average TBA Average 


| 
% 
2.0 1 6.49 6.5 1.60 8.0 3 
6.49 8.0 90 
6.56 4.0 57 
6.0 2 6.64 1.4 46 4.2 4 
2.9 1 6.41 10.0 1.43 4.5 
6.39 8.3 in 
6.60 4.0 35 
5.4 2 6.53 1.4 $2 4.5 4 


(the two storage periods were similar and were considered together) 


TABLE 2 


| 


Treatment TBA 


optical 


| | density 
18 
4 Days | Control... 3.30 
5% extrac 30 
1 Fo 32 
| .5% extract plus ascorbate... 40 
| .1% extract plus 47 
5% extract. 


extract plus ascorbate 
| .1% extract plus ascorbate 


Statistically significant differences in sensory scores, by code numbers 


2,4,5>1,3; 3 >1 highly significant; 7 


Effects of green tea extract and sodium ascorbate on irradiated cooked pork 


nirradiated Irradiated at 2 10° rad 


Average Code TBA Average Code 
sensory a optical sensory 
score number? density score number? 
1.5 1 2.44 3.0 5 
5.6 2 4.7 
5.7 76 3.9 
5.6 67 5.4 4 
5.7 2 58 5. 5 
67 4.1 6 
46 4.0 
53 40 
47 4.5 7 
43 a 


> 6, 8 significant. 


TABLE 3 


Storage Treatment 
period pH 
5.63 
4 Days 6.02 
2,4,5-THBP.. 5.90 
2,4,5-THBP plus ascorbate | 6.10 
3 Months cece | 
2.4,5-THBP plus 


! Statistically significant differences in sensory scores, by code num 


Effects of 2, 4, 5-trihydroxybutyrophenone and sodium ascorbate on irradiated cooked pork 


Unirradiated Irradiated at 4.6 K 10° rad 


| Averege | code | | TBA | | Code 
| number parent number? number | score number 
00 
4.80 2.3 1 5.97 2.20 2.3 
15 4.0 2 5.92 65 4.0 
54 4.2 ; 5.99 95 3.1 
4.10 2.7 1 71 5.6 
18 4.7 2 $2 4.6 
31 55 
bers: 2,3 > 1, 4, 5, 6; 5,6 > 1, 4 highly significant 
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TABLE 4 
Effects of condensed tomato soup on irradiated cooked pork 


Unirradiated Irradiated at 4.6 X 10° rad 


Storage period 


Cont-o! 
Tomato soup 


4 Days 


2 Months 


Average 
sensory 
score 


Average 
sensory 
score 


TBA 
number 


Code 
number! 


1.52 
74 


1.44 
2 -70 4 


' Statistically significant differences in sensory scores, by code numbers (the two storage periods were similar and were considered together) : 


2,4> 1,3; 2 > 4 highly significant. 


TABLE 5 


TBA 
optical 
density 


.1% Sodium nucleate 

plus 
.1% Sodium nucleate 
.05% Sodium nucleate 
.05% Sodium nucleate 
plus ascorbate. 


! Statistically sig 


irradiation may contribute to this odor complex. 
Decreased drip losses noted with the polyphosphate 
and the sodium nucleate treated samples may be 
attributed to increases in pH of the meat and to the 
complexing of polyvalent cations. The voluminous 
literature on this subject will not be reviewed here. 
Activated charcoal (Table 7), either alone or in 
combination with tripolyphosphate and ascorbate, did 
not bring about any improvement in odor. Samples 
containing the antioxidant, with or without charcoal, 
were found to be identical in the first storage period 
while in a second, the samples containing the anti- 
oxidants and no charcoal were preferred. Odor rat- 
ings were not obtained on the unirradiated samples 
in this experiment, but in an earlier experiment the 
rancid odor was not diminished by the use of the 


TABLE 6 


Effects of adenosine triphosphate and sodium ascorbate on 
irradiated cooked pork’ 


Sensory 
score 


Irradiation 
one 


TBA 


Drip number 


Treatment 


Unirradiated Raw 0.00 


Control 6.60 
005% ATP + 

ascorbate 0.30 
Control 3.80 
005% ATP + 


ascorbate 


2X rad 


1.80 


005% ATP 4+ 
ascorbate 


4.6 X 10° rad 


Control J 2.40 


1.90 6 
' Analyzed 4 days after irradiation. . 
* Statistically significant differences in sensory scores, by code num- 
bers: 2, 4 > 1, 3, 5, 6 (highly significant) ; 2 > 4 (significant). 


Average 
sensory 
score 


TBA 
optical 
density 


Code 


optical nember* 


density 


1.62 
33 
-52 

1.87 


5 62 


charcoal packets. The irradiation odor is not as 
strong in pork as in beef and probably for this 
reason the packets were not beneficial here. 

Table 8 shows a summary of taste panel results 
on the differentiation between rancid and irradiation 
off odors. In the case of unprotected unirradiated 
samples, the judges generally identified the off odor 
as rancid. Those samples incorrectly designated as 
irradiated were mostly from the groups containing 
nucleates. In the irradiated samples, on the other 
hand, there was considerable confusing of rancid and 
irradiation off odors. 

The results shown in this table, together with sta- 
tistical evaluation of taste panel data for the different 
treatments show that the rancid odor is a definite 
component of the odor complex in irradiated, unpro- 
tected cooked pork and that this can be inhibited by 
the use of suitable antioxidants. The typical pattern 
of odor ratings in these experiments places the anti- 
oxidant treated frozen samples significantly higher 
than the antioxidant treated irradiated samples and 
these in turn significantly better than either irra- 
diated or unirradiated samples without a suitable 
antioxidant. 

It should be remembered in interpreting these re- 
sults that the taste panel consisted of a group of 
laboratory workers trained to recognize the rancid 
odor and therefore, more conscious of it than an 
untrained panel. It is also possible that with higher 
irradiation doses or with meats other than pork the 
irradiation off odor may constitute a relatively larger 
part of the undesirable odor complex. Similar studies 
on beef are now in progress. 
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TBA Code 
4.21 2.9 1 3.2 3 
| 
1.21 5.6 2 4.2 4 
ete: Effects of sodium nucleate (yeast extract) and sodium ascorbate on refrigerated cooked pork 
Initial | One week Two weeks 
Treatment TBA 
- 
\ 5.62 | 28 00 | : 
6.48 12.0 1.20 5.30 11.0 1.30 6.80 (27 1 
6.62 4.0 34 3.5 38 38 38 4.7 2 
6.51 4.0 48 64 3.5 56 87 84 3.8 3 
Ne EO 6.50 4.0 .69 1.10 3.5 1.67 5.30 6.90 
| | 
6.54 | 4.0 59 82 | 4.0 4 
. ee Ba EEE nificant differences in sensory scores, by code numbers: 2 > 1, 4; 4 > 1 highiy significant; 2 > 3 significant. 
‘bay 
‘ 
| 
‘ 
Code 
number? 
| 
ate 3.6 1 
5.6 2 
34 3 
2 | 47 4 
3.5 5 : 
yee 
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TABLE 7 


Effects of activated charcoal, tripolyphosphate and sodium 
ascorbate on irradiated cooked pork 


Unirra- | Irradiated at 4.6 x 10% rad 
Storage | | | Awe 
period Treatment TBA TBA oe Code 
| number number? 
number | score 
Raw 
4 Days Control 9.20 | 5.70 2.9 1 
Activated charcoal 9.80 | 4.40 5 2 
Tripolyphosphate | 
plus ascorbate 45 4.6 
Charcoal, tripoly 
and ascorbate 33 90 | 4.6 4 
| 2 Months Control 9.00 1.53 | 3.6 5 
| Activated charcoal 12.40 1.40 | 3.2 6 
Tripolyphosphate 
plus ascorbate | 67 | 4.3 7 
Charcoal, tripoly. | | 
and ascorbate 36 | 80 | 3.9 | a 


1 Statistically significant differences in odor ratings, by code numbers: 
3,4>1,2;7>5, 6, 8 highly significant; 2 > 1 significant. 


SUMMARY 


The effect of several antioxidants and copper che- 
| lating compounds, with or without sodium ascorbate, 


were investigated in irradiated coo’«d pork. Sta- 
tistical evaluation of taste panel results and thiobar- 


: bituric acid tests for tissue rancidity showed that the 
rancid odor is a substantial component of the off odor 
in irradiated, unprotected samples. Rancidity was 
| 
TABLE 8 
} Summary of taste panel results for recognition of 
irradiated and rancid odors’ 
4 | | Rancid | 
| Treatment Rancid | Irradiated | and Fresh? 
} | | irradiated 
Unirradiated : | 
Control | 51 | 10 | 3 
Antioxidants 5 1 1 57 
| 
} Irradiated: | 
Control 34 | x 22 
Antioxidants | 4 38 | 4 mat 18 


' Number of judgments: 64. 
H 2 Samples rated as having no off odor or barely detectable off odor. 


eliminated from the irradiated samples treated with 
antioxidants, bringing about a significant improve- 
ment in odor ratings. 

Antioxidants effective either alone or in combina- 
tion with sodium ascorbate in retarding rancidity in 
the irradiated samples included polyphosphates, green 
tea extracts, trihydroxybutyrophenone and tomato 
soup. Yeast sodium nucleate and adenosine triphos- 
phate had some antioxidant effect especially in com- 
bination with sodium ascorbate but contributed an 
off odor similar to that of the irradiation off odor. 
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Some Factors Influencing the Uniformity and Stability of 


Color in Cured Hams-:* 


(Manuscript received May 21, 195°) 


Rarw FADING of cured meats, 
when displayed under conditions prevalent in most 
retail markets, is of considerable economical im- 
portance. The salability of a product is considerably 
reduced with fading, and in many instances the 
product must be salvaged by utilizing it in lower 
priced sausage. Use of ascorbates to stabilize the 
color of cured meats (11, 12, 13, 16, 17, 19, 25), the 
effects of phosphates (4, 5, 9, 11, 14, 15, 16, 17, 21, 22, 
23) and ante-mortem treatments (1, 3, 8, 14, 17) on 
pH and uniformity of cured ham color have received 
much attention in recent years. There is general 
agreement that the ascorbates in the presence of ni- 
trites influence the acceleration of color fixation and 
stability in comminuted meat products. However, a 
difference of opinion exists as to the effectiveness of 
the ascorbates in hams when limited to the amounts 
allowed by the Federal regulations in effect at the 
time of the initiation of these studies (11, 16). 


The objectives of this investigation were to deter- 
mine physiological and processing factors which may 
influence color uniformity and stability of cured hams. 


MATERIALS AND METHODS 


A total of 366 hams was examined in these experiments. 

Curing pickle was prepared from distilled water and a com- 
mereial curing mixture containing approximately 83.6% salt, 
15.0% sugar, 0.54% sodium nitrate and 0.83% sodium nitrite. 
A 75° salometer pickle was used in most cases. The distilled 
water was sterilized by boiling for 15 min. and then cooled to 
40° F. The desired amount of the curing mixture was then 
dissolved in the water and permitted to stand overnight. Im- 
mediately prior to pumping the various additives were dis- 
solved in the proper amount of pickle. 

Hams were artery pumped at the rate of 10% of their 
chilled weight. In instances where the femoral grtery was too 
short or otherwise mutilated hams were stitch-pumped. Pres- 
sures of 40, 50, and 60 p.s.i.g. were used for pumping, but 
50 p.s.i.g. was the pressure most commonly used. Generally a 
3-day dry cover cure was employed, but in some treatments the 
hams were cured from 2 to 7 days to determine the effects of 
length of eure on uniformity of color. The dry cover cure 
consisting of the same mixture used for the curing pickle was 
applied on the entire surface of the hams before they were 
placed in a 40° F. cooler for curing. 

At the end of the curing time all hams were processed for 
16-18 hr. in an air-conditioned smokehouse. The smokehouse 
was pre-heated to a temperature of 125° F.; the hams were 
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gan State University, East Lansing, Machigan. 
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allowed to dry for 2-3 hrs. at this temperature with the draft 
open but without smoke. The draft was then closed, the smoke 
generator started and the temperature increased 5° F. The 
smokehouse temperature was increased an additional 5° F. 
every 2 hrs. until a temperature of 160° F. was reached. When 
an internal temperature of 142° F. was reached, the hams were 
removed and allowed to cool for 2-3 hrs. at room temperature. 
The hams were chilled and held in a 40° F. cooler for 1-3 days 
before cutting. 

The chilled hams were cut and center slices removed. The 
slices were placed on meat boards, wrapped with a 75 gauge 
Cryovac “ film, and after shrinking the film in a hot air oven 
for 3 min. at 220° F., the ham slices were displayed in a meat 
ease. The temperature of the display case was maintained at 
38-40° F. and the light intensity was approximately 45 foot 
eandles. Additional slices were removed and displayed every 
24-48 hrs. for comparative purposes. 

A eolor panel rated the displayed slices for color uniformity 
and stability according to a hedonic seale ranging from 1 (very 
undesirable) to 8 (very desirable). Only uniformity color 
scores were made on the 0-hr. displayed slices. Stability and 
uniformity in some cases were scored at 24, 48, 96 and up to 
144 hrs. of display. 

The determinations of pH in the fresh hams were made on 
the gluteus medius, gluteus profundus, gluteus accessorius and 
the psoas major muscles. On the cured butt portions pH 
measurements were made on the adductor, semi-membranosus, 
semitendinosus, biceps femoris, and rectus femoris muscles. 
Color desirability and uniformity evaluations were made at 
the same time the pH determinations were taken. A hedonic 
seale ranging from 1 (two-toned) to 6 (uniform) was used for 
the uniformity evaluations of the fresh and eured hams. 

Color desirability was rated separately for the inside and 
outside muscles of the fresh hams with a seale ranging from 
1 to 4, the higher number being the most desirable. Firmness 
ratings were also given the fresh and cured hams using values 
from 1 (soft) to 6 (firm). 

Two ante-mortem stress treatments were applied. One group 
of swine was exercised for 15 min. using an ‘‘electric prod’’ 
te keep them moving. The other group was given the injec- 
tions of from 2 to 12 mg. of adrenalin per 100 Ib. live weight. 
In both treatments the stress was applied 10-14 hrs. prior to 
slaughter. 

The test for residual nitrite was that described by Erdman 
and Watts (7). Residual ascorbate was determined quanti- 
tatively with a Bauseh and Lomb Spectronie Colorimeter using 
the procedure of Bessey and King (2) as modified by Reed 
and Johnston (unpublished data). 

Analysis of variance was calculated according to Snedecor 
(20). The multiple range and multiple F. test of Dunean (6) 
was used to determine the significance between means. 


RESULTS AND DISCUSSION 


Preliminary tests. Preliminary studies indicated 
that the addiiion of ascorbate to the curing pickle, to 
be effective for color stabilization in cured hams, 
would have to be in concentrations higher than the 


*The packaging material was supplied through the courtesy 
of the Cryovac Company, a division of W. R. Grace and Com- 
pany, Cambridge, Massachusetts. 
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1955 Federal Regulation which permitted 2.13 g. per 
gal. pickle (U.S.D.A., 1955). Mullins, Kelley and 
Brady (16) reported that no beneficial effects were 
obtained in stabilizing the cured meat color by the 
addition of 2.13 g. sodium ascorbate to the curing 
pickle. When the ham slices were displayed at 38- 
40° F. under 30 foot-candles of light, the treated slices 
faded almost as rapidly as the controls. 

In view of the fact that many hams lack uniformity 
of color between various muscles, it was believed that 
this two-toned condition might be due to a lack of 
eure penetration. An attempt was made therefore to 
study the arterial system within the ham by means 
of X-ray photographs utilizing a BaSO, emulsion, 
and Nal, KI, and NaNOsz solutions. These chemicals 
were injected by way of the femoral artery into the 
untrimmed ham. Due to low concentrations of the 
chemical solutions used in these tests, the results were 
negative. A solution of sodium and methylglucamine 
diatrizoates, a radiopaque medium used for intra- 
venous excretion urography, when injected into the 
femoral artery clearly showed the arterial system of 
the ham (Figure 1). Close examination of the X-ray 
photograph leaves some doubt that diffusion is com- 
plete. A large area located in the center of the ham 
between the major branches of the femoral artery, 
fails to show any arterial branching. The upper left 
hand corner of Figure 1, shows many small arterial 
branches; this is the area normally lacking in color, 
whereas those muscles around the bone in the region 
of the lower right hand corner of the figure are nor- 
mally considerab!y darker in color. 

In view of the important relationship of adrenalin 
antemortem treatment on pH and color in the muscles 
of dark cutting beef (10), preliminary tests were con- 
ducted to study uniformity and stability of color in 
the muscles of fresh and cured hams when swine were 
injected with adrenalin ante-mortem. Hogs 1 and 2 
received two injections each of 2 and 6 mg., respee- 
tively. The injections were given approximately 14 
aud 9 hours prior to slaughter of the animals. One 
ham from each hog was cured using 8.52 g. of sodium 
ascorbate per gal. of pickle. The other hams were 
used for dissection studies in connection with an- 
other project. The ratings of hams 1 and 2 from hogs 
1 and 2 for color uniformity of the 0-hr. displayed 
slices were 3.7 and 5.7 respectively. After being dis- 
played for 48 hrs., the color stability ratings were 2.0 
and 3.2 for treatments 1 and 2, respectively. From 
the results of this preliminary work, it was decided to 
use additional swine in order to study the effects of 
adrenalin injections on color uniformity and, at the 
same time, to determine the effect of high concentra- 
tions of sodium ascorbate on stability of color. 

Effects of pressure, additives and curing periods on 
uniformity and stability of ham color. Twenty-two 
hams were used to study the effects of (1) pumping 
pressures of 40, 50, and 60 p.s.i.g.; (2) the addition of 
8.52 g. of sodium ascorbate; (3) the addition of 
8.52 g. sodium ascorbate and 8 oz. sodium hexameta- 
phosphate per gal. of curing pickle; and (4) 2 and 
7-day curing periods. The 0-hr. displayed center slices 
were evaluated by the panel members for color uni- 


UNIFORMITY, STABILITY OF CURED HAM COLOR 


Figure 1. The arterial system of a ham injected with a 
radiopaque medium. 


formity. When the analysis of variance was caleu- 
lated for pressures, additives and curing periods, 
only the additives caused significant differences (5% 
level) in color uniformity. The pressures at which the 
hams were pumped and the number of days in the 
cure had little or no effect on color uniformity. The 
ascorbate-phosphate treated hams were rated signifi- 
cantly higher (5% level) for color uniformity than 
the control hams. No significant difference for color 
uniformity was noted between the ascorbate treated 
and the control hams, or between the ascorbate and 
the ascorbate-phosphate treated hams. 

In 48-hr. color stability evaluations, no significant 
difference existed between pressures, additives or cur- 
ing periods. However, a’ significant difference (5% 
level) was found in the interaction between pressures 
x curing periods and between additives < curing 
periods. The combination of 60 p.s.i.g. and 2 days’ 
cure were rated significantly higher (5% level) than 
the 60 p.s.i.g. and 7 days’ cure, and also higher than 
hams pumped at 40 p.s.i.g. and 2 days’ cure. Hams 
with ascorbate and 7 days’ cure and ascorbate-phos- 
phate combinations and 2 days’ cure were given the 
same mean color stability ratings when displayed for 
48 hrs.; these were rated significantly higher (5% 
level) than the control hams with a 7-day cure, The 
ascorbate-phosphate combinations and 7-day cure, 
and the control with 2 days’ cure were rated signifi- 
cantly higher (5% level) than the control hams with 
7-day cure. 

Effect of reducing agents. In order to compare the 
relative effectiveness of reducing agents in stabilizing 
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the cured meat color, two hams were used for each of 
four treatments as follows: 1) control pickle; 2) 
sodium isoascorbate ; 3) cysteine hydrochloride; and 
4) pt-methionine. These were added at the rate of 
8.52 g. per gal. of pickle. 

It was observed by the panel that the control hams 
were significantly more uniform in color (5% level) 
when displayed for 0-hrs., than those treated with the 
additives. There was no significant difference in 
color uniformity of the displayed ham slices due to 
the 3 treatments. 

At the end of a 48-hr. stability study, the mean 
ratings were 3.2, 3.8, 3.0 and 2.7 for treatments 1 
through 4, respectively. 

Antemortem adrenalin treatment of swine. Atten- 
tion was directed toward the use of ante-mortem treat- 
ments to improve the color uniformity of hams. Hed- 
rick (10) characterized the dark cutting beef muscles 
as a result of adrenalin injections, as having high pH 
values, dark color and sticky surfaces. Briskey and 
coworkers (3) observed that ham muscles from exer- 
cised hogs were also dark, had a higher pH value than 
normal and sticky surfaces. 

The possibility of the lighter colored ham muscles 
becoming dark at a faster rate than the natural oc- 
eurring dark muscles was thought to merit some con- 
sideration. Preliminary studies on the effect of ante- 
mortem treatment indicated that both color uniformity 
and stability could be improved with adrenalin in- 
jections. 

Four hogs were next injected with 0, 3, 4, and 5 mg. 
of adrenalin per 100 lb. live weight approximately 
14 hrs. prior to slaughter. The 8 hams, were treated 
as indicated in Table 1. Hams 14 and 15 which came 


TABLE 1 


Color uniformity and stability values of hams from 
ante-mortem adrenalin treated 
Adrenalin | ascorbate Color 
| 
50.00 oF 
8.52 
0.00 
50.00 
o.00 
8.52 


from hogs receiving 3 and 5 mg. injections of ad- 
renalin respectively, were cut while fresh, in order to 
observe the interior of the hams. It was observed that 
the muscles normally light after curing were also 
light in color in the fresh ham. The semitendinosus 


muscle, usually two-toned after curing, was found to 
be the same when fresh. This would lead one to be- 
lieve that cure penetration has very little to do with 
two-toned hams under normal conditions. This find- 
ing is in agreement with reports of Ginger, Wilson 
and Schweigert (8) but is contradictory to results of 
Henrickson, Sleeth and Brady (11) and Mullins, 
Kelly and Brady (16). It was observed that ham 14 
obtained from a hog that received only 3 mg. of 
adrenalin was very two-toned. The inside muscles 
were about normal in color whereas the outside mus- 
cles were pale and watery. In comparison, ham 15 
from the hog which received 5 mg. of adrenalin was 
extremely uniform in color. The ham was firm, darker 
than desired in color and slightly sticky. In compar- 
ing the center slices of the fresh hams it was observed 
that the degree of difference in color between muscles 
and within the same muscle was much greater in the 
control ham than in the ham from the injected hog. 


It may be observed in Table 1 that the color uni- 
formity of the cured hams at 0-hr. display period 
improved when the level of adrenalin was increased. 
Ham 9 obtained from the hog that received the 
highest injection was rated 7.0 for color uniformity, 
whereas those hams receiving only 3 mg. were ap- 
parently unaffected and rated 2.8 to 3.2. The color 
stability ratings reveal that the cured meat color can 
be stabilized for as long as 144 hrs. using high concen- 
trations of sodium ascorbate. The center slices from 
hams 9 and 10 were considered quite acceptable after 
144 hrs. (6 days) of display ; however, some desicca- 
tion had occurred. 

Physical forced-exercise treatment. Three of the 4 
hogs obtained for this study were exercised for 15 
min. with an ‘‘electrie prod.’’ The hogs were 
slaughtered approx. 14 hrs. later. Hams 1 and 2 were 
from the unexercised hog while hams 3, 4, 5, 6, 7 and 
8 were obtained from the exercised animals. Both 
hams 1 and 8 were cut while fresh and the differences 
in color uniformity observed. The control ham was 
quite two-toned, the inside muscles being darkest 
while the ham from the exercised hog was fairly uni- 
form as was expected from results of the preceding 
study. The 6 remaining hams were cured under nor- 
mal procedures. Hams 2 and 7 received 40 g. and 
hams 3 and 4, 50 g. of sodium ascorbate per gal. of 
pickle respectively. Ham 6 was not used due to a 
slight infection. It may be observed in Table 2 that 
the exercised hogs produced hams which were more 
uniform in color than those from the hogs not exer- 
eised, A brief description of the live animals may 


TABLE 2 
Color uniformity and stability values for hams from forced-exercised swine 


Sodium 


Treatment ascorbate 


g. 
Control 40 
Exercise** 50 
Exercise 50 
Exercise 0 
Exercise 40 


Color uniformity 


18-hr. -hr. 18-hr. 40-hr. 


Color stability 


114-br. 


*Improper packaging. 
**Exercised with ‘‘electric-prod” for 15 minutes. 
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2.0 

13 2.0 
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12 
4.5 

Ham No 
0-hr. 

4.6 42 3.5 3.6 5.8 44 44 
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UNIFORMITY, STABILITY OF CURED HAM COLOR 


TABLE 3 
Residual nitrite and ascorbic acid of hams treated with sodium ascorbate from forced-exercised swine 


Ham No | Treatment Sodium Display ported Residual 
ascorbate O-hr. 18-hr 40-hr. 114-hr. ascorbic acid 
Control 40 -- 99.1 
Exercise* ** 50 - - 82.4 
Exercise 50 - | 
Exercise 0 + + + + 00.0 
Exercise 49 -- - 65.0 
+ Residual Nitrite present. ** Corrected values per 100 g. ham 
— Residual Nitrite absent. *** Exercised with “electric prod” for 15 minutes 


* g. Sodium Ascorbate per gal. of pickle. 


No. of hams Adrenalin [H+] x 10-* 


account for part of these variations. All of the hogs 
were over 6 mo. of age and weighed less than 200 Ibs. 
The control hog, as well as the exercised hog from 
which ham 3 and 4 were taken were less excitable and 
probably less disturbed by the prodding than the hog 
from which ham 7 was obtained. 


The mean color stability values (Table 2) for hams 


displayed 18, 40 and 114 hrs. again reveal the benefits 
gained by the use of fairly high concentrations of 
sodium ascorbate. Since the 40 g. treatment (Ham 2) 
gave better results than did the 50 g. treatment (hams 
3 and 4), an optimum level apparently exists around 
40 g. sodium ascorbate per gallon of pickle. Pack- 
aging difficulties encountered in the laboratory were 
the cause for obtaining a higher color rating for ham 
7 at the end of 114 hrs. than at the end of the 40 hr. 
display period. 

Nitrite determinations were negative in all hams 
that received the high leve!s uf ~odium ascorbate. The 
control ham which received ne sodium ascorbate gave 
a positive test on all slices. ‘Since in these investiga- 
tions color stability was still good for 114 hrs. without 
residual nitrite, they are not in agreement with the 
reports of Ziegler (28), Henrickson, Sleeth and Brady 
(11) and Mullins, Kelley and Brady (16). 

Residual ascorbic acid determinations were con- 
ducted on all of the displayed ham slices (Table 3). 
There were apparently sufficient quantities of residual 
ascorbate present to stabilize the color of the cured 
ham slices. 

Effects of shackling. On several occasions differ- 
ences in uniformity of color were observed among 
paired fresh hams. It was considered that this might 
be caused by one leg being shackled during the slaugh- 
tering operation. 

Data collected from 92 hogs were analyzed relating 
the mean uniformity values between each group of 
hams. No siginificant differences were found between 
the hams obtained from hogs shackled and those not 


TABLE 4 
Firmness, color uniformity and desirability values of fresh hams from ante-mortem adrenalin treated swine 


Color desirabilit, 


Firmness Color Muscle 
uniformity i 


Outside 


shackled. The 92 pairs of hams had mean color uni- 
formity ratings of 4.2 and 3.9 for the shackled and 
unshackled hogs respectively. 

Effects of muscle pH on uniformity of color, desira- 
bility of color, and firmness in fresh hams. Color dif- 
ferences and pH values were obtained on 260 hams 
using standard curing procedures. The pH values 
from the fresh hams were converted to hydrogen-ion 
concentrations and an arithmetic mean calculated for 
each treatment. The results shown in Table 4 reveal 
that hydrogen-ion concentrations were about the same 
for the control hams and for those injected with 3 mg. 
adrenalin per 100 Ib. iive wt. The hydrogen-ion con- 
centrations however, were lower for those hams of 
hogs receiving more than the 3 mg. level of adrenalin 
than the control hams. Firmness and uniformity of 
color were both improved with increasing levels of 
adrenalin. The desirability of the outside group of 
muscles decreased with increasing levels of adrenalin 
treatment whereas the inside muscles were incon- 
sistent. 

Effects of muscle pH on uniformity of color in 
cured hams. The mean hydrogen-ion concentrations 
of hams cured by standard procedures (Table 5) con- 
sistently decreased (pH increase) with increasing 
levels of adrenalin. It is of interest that color uni- 
formity values of the cured hams became less de- 
sirable with increasing levels of adrenalin in the 
absence of sodium ascorbate. 


TABLE 5 


Color uniformity of cured hams from ante-mortem 
adrenalin treated swine 


pH Color 


No. of hams Adrenalin |{H*] x 10 ‘| uniformity 
(mg.) 
0 1.6 5.80 44 
Bisa 3 1.4 5.85 42 
4 mr | 5.96 4.0 
4. 5 a2 | 5.89 3.8 
1.0 6.00 | 3.2 
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SUMMARY 


Various factors which may influence uniformity 
and stability of color in fresh and cured hams were 
studied. Artery pumping pressures in the range of 
40 to 60 p.s.i.g. were found to be satisfactory and had 
little effect on uniformity of color in hams. A solu- 
tion of sodium and methylglucamine diatrizoates, a 
radiopaque medium, when injected into the femoral 
artery in the untrimmed ham and X-rayed, clearly 
showed the arterial system in the ham. 

No statistically significant differences in uniformity 
or stability of color in cured hams were obtained 
between the 2 and 7 day curing periods. 

The addition to the curing pickle of a combination 
of sodium hexametaphosphate and 4 times the amount 
of sodium ascorbate allowed by the 1955 Federal 
regulations, caused a significant improvement in color 
uniformity of hams. 

Uniformity of color in hams was improved in the 
presence of sodium ascorbate with ante-mortem ad- 
renalin injections above 3 mg. per 100 |b. live weight 
14 hours prior to slaughter. Color stability ratings 
revealed that the cured meat color could be stabilized 
for as long as 144 hours when high concentrations of 
sodium ascorbate were added to the pickle solution. 

The cured ham muscles obtained from forced exer- 
cised swine for 15 minutes with an ‘‘electrie prod’”’ 
14 hours prior to slaughter, were darker and more 
uniform in color, than those from swine not exercised. 
Color stability ratings again revealed that the cured 
meat color could be stabilized for as long as 144 hours 
using high concentrations of sodium ascorbate. Re- 
sidual nitrite determinations were negative in all 
hams that received high levels of sodium ascorbate. 
Residual ascorbic acid determinations indicated suffi- 
cient quantities to stabilize the color of the ham slices. 

In studies on the effect of muscle pH on uniformity, 
desirability of color and firmness of 260 fresh hams, it 
was observed that the pH values of muscles from 
control hogs were about the same as for muscles from 
hogs injected with 3 mg. adrenalin per 100 Ibs. live 
wt., 10 to 14 hours prior to slaughter. With higher 
injection levels of adrenalin, the resulting fresh ham 
muscles were increasingly darker, more uniform, had 
a firmer structure and higher pH values than the con- 
trol ham muscles. 

Although there was a more consistent increase in 
the pH values of the cured hams resulting from the 
higher quantities of adrenalin injections, color uni- 
formity became less desirable in the absence of sodium 
ascorbate. 

The shackling of 92 hogs during the slaughter oper- 
atio. had no significant effect on color uniformity in 
ham muscles. 
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Composition and Quality Evaluation of 


Boysenberries for Frozen Pies 


{Manuscript received May 23, 1958) 


Bovsenserries ORIGINATED from a 
cross of blackberries with raspberries and loganber- 
ries (2). The total United States pack of frozen 
boysenberries has increased from 100,000 pounds in 
1936 to 18,100,000 pounds in 1956 (17), about 95% 
of which was produced in California. Approximately 
three-fourths of the California crop is packed in 
thirty pound containers as Individual Quick Frozen 
(1.Q.F.) berries for pies (15). The remaining one- 
fourth is used for canning, for preserves, for the fresh 
market, and for wine. Literature on the chemical com- 
position of boysenberries is very limited. Curl and 
Nelson (3) however, have investigated the organic 
acids in boysenberries as ethyl esters. Recent advances 
in column chromatography justify the re-evaluation 
of organie acids by the silicic acid column method (7, 
i, 7). In the present investigation, the influence of 
harvest maturity on the organie acid, sugar, tannin, 
pectin and volatile reducing substance content of 
boysenberries grown in the Denair and Watsonville 
areas of California is reported. The importance of 
these chemical constituents to flavor of frozen boysen- 
berry pies is discussed. 


EXPERIMENTAL MATERIALS AND METHODS 


Boysenberries. During the 1957 season, 20 pound lots of 
boysenberries at 3 different stages of maturity were harvested 
from commercial fields in the Denair and Watsonville areas of 
California. Maturity M-1 consisted of berries quite red in color. 
Maturity M-2 consisted of berries containing less red and more 
purple than the M-1 maturity and might be deseribed as com 
mercial maturity. Maturity M-3 consisted of soft-ripe berries 
which were deep purple. 

One ton lots of 1.Q.F. boysenberries packed in 30-pound 
paper cartons were also obtained from packers in the Denair 
and Watsonville areas. The berries were stored at 0° F. 
(—17.8° C.) for chemical analyses and frozen pie studies. 

Frozen boysenberry pies. The crust was made from 227.0 g. 
of hydrogenated vegetable fat, 454.0 g. of flour, 3.3 g. of salt, 
and 66.0 g. of water. The ingredients for the crust were mixed 
and kneaded into a dough, and kept at room temperature for 
10 hours before being used. One pound of frozen boysenberries 
was used for each 8 in. pie, while the weight of other filling in 
gredients varied. The I.Q.F. berries were sorted under a 
standard light source (500-Watt lamp with a blue filter) into 3 
color groups: red (underripe), red-purple (medium), and purple 
(overripe). An unsorted sample was used as the control. A 
typical formula was used for the filling: 


Weight, g. | % by weight 


Boysen | 454.0 
Sucrose.......... 167.0 | 


| 200.0 


"Present address Tri-Valley Packing Association, Modesto, 
California, 


D. E. Rohrer* and B. S. Luh 


Department of Food Science and Tech- 


nology, University of California, 
Davis, California 


The water, salt, starch, and sugar were mixed in a stainless 
steel kettle, and brought to a boil. The mixture was cooled and 
poured into the pie shell together with the frozen berries, This 
process omitted thawing and thus minimized shrinkage of the 
berries. The pies were covered with aluminum foil, frozen at 
—15° F. for 2 days, and then stored at 0° F. for 14 or more days 
prior to baking. The frozen pies were baked in an eleetrie oven 
at 400 + 5° F. for 55 minutes while on supports revolving at a 
speed of 1.5 r.p.m. 

Lyophilization. Twenty-pound lots of L.Q.F. berries were lyo- 
philized in a Stokes vacuum freeze-drier for 50 hours at 100 u 
of mereury. The freeze-dried product was weighed to determine 
the yield and then separated into 3 maturities based on skin 
color. Separation was made under a standard light souree by 
using a 500-Watt lamp equipped with a blue filter. The dried 
sumples were stored at 32° F. (0° C.) in tightly sealed glass 
jars. When needed, the dried berries were crushed into powder 
in a mortar and sereened through a 16-mesh sieve. 


Analyses. Five hundred g. of a representative sample was 
macerated in a Waring Blender for one minute, The macerate 
was used for chemical analyses. 

Soluble solids. The soluble solids content of the macerated 
produet was determined with a Zeiss-Opton refractometer and 
reported as “ Brix at 68° F. (20° C.). 

Total solids. Total solids content was determined by drying 
10 g. of the sample for 8 hours in an oven at 158° F. (70° C.) 
under 29 in. of vacuum. 

Total acidity. A total acidity determination of the sample 
was made by titrating 10 g. of the sample in 200 ml. of distilled 
water with 0.1 N NaOH until a pH value of 8.0 was reached. 
A Beckman model H2 pH meter was used for titration. The 
results were reported as per cent citrie acid, 

Organic acids, Organie acids in lyophilized boysenberry 
powder were determined by using a silicic acid column as de- 
scribed previously (4). The method was essentially the same as 
that. developed by Bulen et al. (1). 

The organie acids were identified by descending paper chro- 
matography (4). The top layer of a solvent mixture of n- 
butanol-formie acid-water (4:1:5 v/v) was used to separate 
the organic acids. A 0.04% solution of bromophenol biue in 
95% ethanol at pH 5.8 was used to develop the organie acids as 
yellow spots on a blue background, 

Sugars, The sugars in lyophilized boysenberries were ex- 
tracted from the berries with 80% ethanol. The extract was 
clarified with neutral lead acetate, filtered, freed from excess 
lead with sodium sulfate, and concentrated to a small velame, 
A Duolite C-3 cation-exchanger in the hydrogen form and Am- 
berite A-4 anion-exchanger in the hydroxyl form were used to 
remove interfering ions. A solvent mixture of isopropanol- 
ethanol-water (7:1:2 v/v) was used to separate the sugars on 
a Whatman No. 1 paper in a descending direetion. The chro- 
matograms were dried, sprayed with a reagent containing 0.5 g. 
of benzidine dissolved in 10 ml. of 10% trichloroacetic acid 
and 8 ml. of absolute ethanol, and heated in an oven at 200° F, 
(93.3° C.) for 10 minutes, The sugars appeared as brown spots 
on a light background (4, 5, 14). 

Quantitative analyses of the reducing and non-reducing 
sugars in the fresh boysenberries were made by the ceric sul- 
fate titration method (6). Reducing sugars were reported as 
glueose equivalents by comparing them with a standard glucose 
solution. Inversion of the non-reducing sugars was done by 
the HCl hydrolysis method (12). 

Tannin, Tannin content of the boysenberries was deter- 
mined by the ultraviolet spectrophotometrie method (13). 
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TABLE 1 


Wt./100 berries, grams 
Brix at 20° C 

Titratable acid as citric, ¢ 
Brix/acid ratio 


Watsonville area 


M-1 M-2 
underripe medium 
444 546 

8.82 10.32 

2.74 2.19 

3.22 4.71 

2.97 3.12 
300 457 


Denair area 


Pectin. Total, proto-, and water soluble pectins were de- 
termined by the catbazole method as deseribed by Dame et al. 
(4). 

Pectinesterase. The enzyme pectinesterase was extracted 
from frozen boysenberries after they were mixed with an equal 
weight of 10% sodium chloride solution at pH 7.0. The peetin- 
esterase activity in the extract was determined by measuring 
the rate of liberation of carboxyl groups in a 0.5% solution of 
pectin N.F. at pH 7.5 and a temperature of 86° F. (30° C.). 
One unit of peectinesterase activity (PEU) is the amount that 
releases 1 milli-equivalent of acid per minute (10). Results 
are expressed as (PEU),, i.c., pectinesterase units per g. of 
boysenberry. 

Volatile reducing substanevs (VRS). Volatile reducing sub- 
stances in the boysenberries were determined by steam dis- 
tilling 200 g. of the sample under a partial vacuum in an all- 
glass apparatus (10). Distillation was stopped when 170 ml. 
of the distillate had been collected in 30 minutes. The distillate 
was diluted to 250 ml. with distilled water. Seventy-five ml. of 
the distillate was allowed to react at room temperature for 30 
minutes in a glass-stoppered flask with 20 ml. of 0.1 N KMnO, 
in 1 N NaOH. At the end of 30 minutes, 10 ml. of 5 N H.SO, 
and 10 ml. of 40% KI were added to the flask. The liberated 
iodine was titrated with 0.1 N NasSeOs, using 1% soluble starch 
solution as an indieator. A blank was run using 200 ml. of dis- 
tilled water instead of the sample. Results are reported as 
micro-equivalents of potassium permanganate per 100 g. of 
sample. 

Flavor evaluation. The baked pies were cooled to room tem- 
perature and rated for flavor preference by a panel of 12 
persons, Four replications were made. A complete block design 
was used, and 3 or 4 samples were served each time. The pie 
with the best flavor acceptance was ranked 1, and the poorest 
either 3 or 4, depending on the number of samples in each 
block, 


RESULTS 
Physical and chemical properties of boysenberries. The physi- 


eal and chemical properties of fresh boysenberries harvested on 
the same day at different stages of maturity are shown in 
Table 1. The data give a good indication that boysenberry 
maturity might be determined on a basis of color, weight per 
100 berries, titratable acidity, and soluble solids content. As 
the berries changed from underripe to overripe, there was a 
change in color from red to purple, an inerease in size and 
soluble solids content, and a decrease in titratable acidity. 
Since the ratio of Brix to titratable acidity increased as the 
berries matured, this might be used as an index of maturity. 
As the berries changed from. the underripe (M-1) to the 
medium (M-2) stage, there was a significant increase in vola- 
tile reducing substances. When they changed further from the 
M-2 to the overripe (M-3) maturity no increase in the volatile 
reducing substances was observed. The constituents of these 


substances which contribute to the characteristic flavor of - 


boysenberries, are thought to be mainly alcohols, carbonyl com- 
pounds and esters (16). 

Organic acids. Citric and malic acid were found to be the 
most prevalent acids in boysenberries, while isocitrie and cis- 
aconitie acids were present in smaller quantities. Results of 
the identification of these acids made by silicic-acid column 
and paper chromatography are shown in Table 2. Trace 
amounts of other organic acids were indicated by titration 


TABLE 2 
Chromatography of organic acids in lyophilized 
boysenberries—1957 crop 


Organic acid 
identified 


RE value of 


Fraction unknown acid! 


0.39 cis-aconitic 
0.30 citric 

0.37 isocitric 
0.47 malic 


‘It was found by paper chromatography on Whatman No. 1 filter 
paper, using the solvent n-butanol: formic acid: water (4: 1: 5). 


values of some of the fractions but were not identified further 
in this study. 

Quantitative determination of the major organie acids in 
lyophilized boysenberries was accomplished on a silicic-acid 
column, using n-butanol and chloroform mixtures as developing 
solvents. An example of the frontal analysis of organic acids 
in boysenberries at M-1 maturity is shown in Figure 1. In 


VOLUME OF 0.01M NeOH/FRACTION 


CIS ACONITIC 


20 30 47 50 60 70 80 90 100 110120 130 HO 


FRACTION WO 


PERCENT BUTANOL IN cCHCL, 


Figure 1. Silicic acid column chromatography of organic acids 
in boysenberries. 


overripe berries, citrie acid was the major organic acid, while 
malice, isocitrie and cis-aconitie acid were present in smaller 
quantities. 

The changes in various acid constituents with maturation of 
berries from the Denair area are shown in Table 3. Both citric 
and malice acid deereased rapidly during maturation, while 
isocitrie acid changed very little. The citrice/malic acid ratio 
inereased from 4.4 at the M-1 maturity to 6.3 at M-2, and to 
10.5 at M-3. It was observed that the sum of citric, malic, 
isocitric, and cis-aconitie acid was slightly lower than the total 
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Citrie acid 


Fresh | Dry 


Sample Maturity | 
basis basis 
To | % 
Underripe 1.86 13.10 
BER... Medium 1.24 8.66 
M: Overripe 0.73 5.09 


titratable acidity. This might be attributed to some of the 
minor acids which were not determined in this work. 

Sugars. Descending paper chromatographic identification of 
sugars in boysenberry extract indicates the presence of glucose, 
fructose, and sucrose (Table 4). This was done by comparing 
the Re value of the unknown with that of the known sugars. 
Although sucrose was present, it was detected only when 10 g. 
of the lyophilized berries was extracted with 80% alcohol and 
concentrated to a volume of 2 ml. These results were obtained 
from samples at all three stages of maturity. Glucose and 
fructose were found to be the major sugars present in both 
fresh and lyophilized boysenberries. 


TABLE 4 


Descending paper chromatography of sugars in 
boysenberry extract’ 


Distance moved cms. 


Known sugar } Unknown sugar 
| 28.8 28.6 
24.1 23.8 


' The solvent was isopropanol: ethanol: water (7:1: 2-v/v). 


Results of the quantitative analyses of reducing and non- 
reducing sugars by the ceric sulfate titration method are 
presented in Table 5. The Brix and total solids content of the 
samples are also presented. At all maturities reducing sugars 
are present in a greater quantity than non-redueing sugars. 
This was also proven by the size of the spots on the paper 
chromatograms. 

Tannins. The ultraviolet absorption spectra of the tannins 
extracted from boysenberries of various maturities with ethyl 
acetate are presented in Figure 2. In all cases the curves show 
strong absorption in the region below 245 my, and maximum 
absorption at 250-255 my. These absorption curves are similar 
to those reported by Johnson et al. (8) who utilized ultraviolet 
absorption for characterizing various tannins. 


Per cent Fresh Dry Per cent Fresh 


EVALUATION OF BOYSENBERRIES FOR FROZEN PIES 


TABLE 3 
Organic acids in boysenberries from Denair area, California—1957 crop 


Malic acid Isocitric acid 


D Per cent 

of total basis basis of total basis pot of total 
acid acid % aci 
79.6 0.443 3.10 17.9 0,058 0.406 2.5 
83.0 0.207 1.45 13.2 0.060 | 0.423 | 3.8 
86.1 0.073 0.51 8.3 0.047 | 0.329 | 5.6 


TABLE 5 
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Figure 2. Absorption spectra of boysenberry tannins at three 
stages of maturity. 


Results of the quantitative analysis of the tannin content 
of boysenberries from the Denair area are presented in Table 5. 
Within the maturity range studied here, the over-all change in 
tannin content during maturation was rather slight. 

Pectin. The changes in pectin content during boysenberry 
maturation are shown in Table 6. As the berries mature, total 
and proto-pectin contents decrease, while water-soluble pectin 
increases. This was true on both a fresh and a dry weight 
basis. The pectinesterase activity was higher in overripe than 
in underripe berries. It is likely that the aetivity of peetin- 
esterase causes de-esterification of the pectin during ripening 
and this may cause liberation of some methyl aleohol from the 
ester linkage in the pectin molecule. In the underripe berries, 
the lower volatile reducing substances content eould be related 
in part to the lower pectin-esterase activity. 

Boysenberry pies. The influence of boysenberry maturity on 
flavor acceptance of frozen pies is shown in Table 7. Sample A 
was made from unsorted commercial I.Q.F. berries, and was 
ranked better in flavor than the rest of the samples, Sample D 
which was made from underripe berries (M-1), was ranked 
poorest in flavor, presumably because of the lower pH and 


Sugars and tannins in boysenberries from the Denair area, California '—1957 crop 


Reducing sugars 


| 


Sample Maturity Before After wucrase solids } Tannin 
inversion inversion % | mg./100 
as % dextrose ax % dextrose 
| 

Underripe 4.07 5.34 1.27 9.71 13.7 81.5 
Medium 4.20 5.34 1.14 9.91 13.7 | 90.0 
Overripe 6.32 9.80 3.48 11.41 14.5 78.8 


1 All data are on a fresh weight basis. 


Total pectin, % 


Sample Maturity | Fresh | Dry | Fresh 
| basis | basis basis 
Underripe 0.356 | 3.48 0.204 
Medium | 0.306 3.02 0.172 
Overripe | 0.294 | 2.68 0.156 


TABLE 6 
Pectic substances and pectin esterase in boysenberries 


Protopectin, % Watersoluble pectin, % 
esterase 
| Dry A Fresh | Dry | R.A activity 
is asis | | 
basi | pectin basis basis | pectin (PEU)¢ 
| 
2.00 | 57.50 0,152 1.48 42.5 | 1.95x10-* 
1,70 56.29 0.134 1.32 43.7 2.18x10-* 
1.42 52.99 0.138 1.26 47.0 2.51xK10~ 
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TABLE 7 


Influence of boysenberry maturity on flavor acceptance 
of frozen pies 


Chemical analyses of filling 
Boysenberry Titratable 
maturity | H Brix at | acidity as 
20°C. | eitrie 


Sample Average 


flavor rank' 


Commercial 
| LQ.P. berries O.B17 


Overripe $1.4 O.535 
Medium 3.4 209 1.110 
Underripe a. 26.8 1.270 
' The samples were rated for flavor preference by a panel of 12 per 
sons with four replications. The pie with a best flavor acceptance was 
ganked 1, and the poorest 4. 
L..8.D. = 0.88 at 95% probability level (*). 
= 1.19 at 99% probability level (**). 


Brix reading and the higher acidity. The VRS content in 
underripe berries could also be a contributing factor. 

Au experiment was designed to study the effect of sugar 
concentration and addition of citric acid on pie flavor. The 
results are shown in Table 8. It is evident that the samples 


TABLE 8 
Effect of sugar concentration and citric acid addition in the 
filling on flavor acceptance of boysenberry pies 


Chemical analyses of the filling 


Citric acid 
Sample | add into 
filling, % | pH 


Titratable | 
Brix at | acidity as verage 
20°C. | %&® eitrie Brix/acid | flavor rank' 
acid 


0.05 | 0.99 


0.36 4 1.158 


0.76 | 2.9 34.1 | 1.33 | 25.7 | 2.40 | 


The pies were rated for flavor preference by a panel of 12 persons 
with 4 replications. The sample with best flavor preference was ranked 
1, and the poorest 3. 

L..8.D, = 0.38 at 5% probability level (*). 

= 0.50 at 1% probability level (**). 


X and Y which had equal Brix/acid ratios were not significantly 
differentiated by the panel. Among the three, sample Y was 
ranked best in flavor presumably because of its higher soluble 
solids content (34.7° Brix) and well balanced Brix/acid ratio 
of 30.7. 

Addition of a proper amount of citrie acid to the filling 
appeared to be beneficial. Addition of an excess of citrie acid 
resulted in a lower Brix/acid ratio of 25.7 in sample Z which 
was rated poor in flavor. 


DISCUSSION 


The chemical composition and freezing adaptability 
of raspberries have been reported by Lee and Slate 
(9). The varieties listed as good for freezing preser- 
vation were higher in ascorbie acid, soluble solids, 
free acids, and lower in pH. The pH, acidity, and 
Brix of boysenberries used in this investigation were 
very similar to those of raspberries. As boysenberries 
were originated from cross-pollination of blackberries 
with raspberries and loganberries, the similarity of 
their chemical properties is expected. The present 
investigation indicated a rapid decrease in acidity 
with maturation which explained at least part of the 
difference in flavor acceptance of the pie made from 


berries of different maturities. Underripe berries 
were rated poor in flavor because of their high acidity 
and low pH. 


At comparable maturities samples from the Wat- 
sonville area were higher in soluble solids and titrata- 
ble acidity but were smaller in size than those from 
the Denair area (Table 1). This might be attributed 
to differences in climatie condition, soil properties, 
and horticultural practices in the two fields. 

Organic acids in boysenberries have been reported 
by Curl and Nelson (3). They found 85% of the total 
acid was citric, 11% malic, and 4% isocitric. Results 
obtained in the present investigation (Table 3) 
agreed reasonably well with theirs except for cis- 
aconitie acid which was not reported by them. The 
diserepancy was probably caused by the difference in 
methods used. As citric acid was found to be the pre- 
vailing acid in boysenberries, its use in pie filling made 
from overripe berries would make up for part of the 
acids lost during the maturation process. Excessive 
use of citric acid is not desirable because it may upset 
the balance of sweetness and acidity, and result in a 
lower flavor preference. 

The presence of glucose, fructose, and sucrose in 
boysenberries has been demonstrated. It is important 
to point out that the non-reducing sugar in the over: 
ripe berries (Table 5) was higher than that in the 
underripe berries. This could be attributed to an 
accumulation of sucrose in the later stage of maturity. 
It was also possible that in overripe berries, the higher 
pH and lewer acidity decreased the inversion of su- 
crose. The sugar content was lower than the soluble 
solids. This could be attributed to the presence of 
soluble pectin, inorganic salts, organic acids, tannins, 
and other non-reducing constituents which gave no 
reaction with the ceric sulfate titration method for 
reducing sugars. 

Tannin-like substances are known to be related to 
astringency of fruits. Within the maturity range 
studied here, no significant difference in tannin con- 
tent was found among the samples. Thus the differ- 
ence in flavor of the boysenberry pies might be at- 
tributed more to the decrease in acidity during ma- 
turation than to the change in tannin content. 

The pectin content of boysenberries decreased with 
maturation while the water soluble pectin increased. 
This explained why underripe berries were firmer in 
texture while the overripe ones were soft. Since the 
consistency of the pie can be improved by using starch 
as a thickener, the degradation of pectin in boysen- 
berry with maturation was not a serious problem. 
However, 1.Q.F. berries tend to drip out a consider- 
able amount of fluid during thawing which may 
result in berries of poor appearance in the pie filling. 
It is desirable to avoid thawing the frozen berries in 
making the pie filling. This would improve the 
appearance of the berry in the pie. 

Canned pie fillings made from berries have been 
reported (11). In view of the effect of heat on the 
color, texture, and volatile aromatic compounds of 
the berries, the use of 1.Q.F. berries for frozen pies 
might be preferable. 
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Attention cereal makers: 


Here’s how Tora Food’ can give you a new 
Sales-building nutrition story at low cost 


If you need a powerful new story to spark the sales 
of your cereal, Tora Food (Red Star’s brand name 
for Torula Yeast U.S.P.) is your answer. And you 
can actually save money. Here’s what we mean: 


How will Tora Food improve nutritional con- 
tent of cereal? Here are some specific nutritional 
factors housewives know and look for in cereal. This 
chart shows you how Red Star Tora Food increases 
these factors in a typical cereal—corn meal. 


PER 100 GRAMS OF CORN MEAL 
Corn meal 


plus 3% 

Tora Food 

10.50 grams 
0.66 milligram 
0.20 milligram 
2.80 milligrams 


Corn meal 
as is 
Protein...... . .9.00 grams 
Vitamin B,..... 0.30 milligram 
Vitamin B,.... .0.08 milligram 


What totally will Tora Food add to cereal? 
(At a level of 34 to 100#) 


163.5 milligrams worth 
54.5 milligrams worth 
408.6 milligrams worth 
40.8 milligrams worth 
20.4 milligrams worth 
150.0 milligrams worth 
95.3 milligrams worth 
4.8 grams worth 


Vitamin B, . . 
Para-amino benzoic Acid. . 


High quality Protein 


Here is a nutritional “barrage” that can’t help 
but impress the nutrition-conscious housewife. 


How can Tora Food actually save you money? 
The ingredients listed above would cost you 87.33¢ 
at current price levels, if you bought them indi- 


vidually. You get these same ingredients in the 
same amounts for only 54¢ in Red Star Tora Food. 
That’s 33.33¢ saved. (Incidentally, the same 
amount of brewer’s yeast would cost you between 
72¢ and 84¢.) 

In addition, Tora Food saves you money on 
handling and inventories. Instead of buying, stor- 
ing, handling and keeping books on 10 or more 
different ingredients, you need handle only one 
when you use Red Star Tora Food. 


How else will Tora Food improve saleability 
of cereal? Tora Food will intensify the flavor of 
your cereal. It has a mild, pleasant flavor with the 
ability to enhance the natural flavor of the product 
to which it is added. 

Furthermore, Tora Food is an antioxidant and 
helps give your cereal longer shelf life. 


Who besides cereal makers can use Tora 
Food? Almost any food processor. Here we've 
talked specifically about cereal makers, but baby 
food processors are already using Red Star Tora 
Food successfully. And here are some other types 
of processors who can use Tora Food to big advan- 
tage: spice, soup, chocolate, peanut butter, sauce 
and gravy, health food, smoked yeast and 
pharmaceuticals. 

If you are a cereal maker (or any food processor) 
who wants a new sales-boosting nutrition story, 
write to us. We’ll be happy to show and discuss 
with you work and analysis that has been done. Or 
if you prefer, we’ll be happy to have a nutritionist 
call on you. Write to the address below. 


® 
Nutritional Division 


RED STAR YEAST 
PRODUCTS CO. 


Milwaukee 1, Wisconsin 
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EVALUATION OF BOYSENBERRIES FOR FROZEN PIES 


The importance of harvest maturity to chemical 
composition of boysenberries has been demonstrated. 
In order to get the best 1.Q.F. berries for frozen pies, 
it is necessary to harvest them at the optimum ma- 
turity followed by rapid freezing to stop quality 
degradation during the post-harvest period. 

Pies with a soluble solids range of 30 to 34° Brix 
and a titratable acidity of 0.8 to 1.1% in the filling 
seem to be desirable from the point of view of flavor 
acceptance. 


SUMMARY 


This investigation indicates the influence of harvest 
maturity on several chemical constituents of boysen- 
berries grown in the Denair and Watsonville areas of 
California. Accompanying maturation there was a 
decrease in titratable acidity and an increase in solu- 
ble solids content. The decrease in acidity was at- 
tributed to the decrease in citric and malic acids. 
Malic acid was found to decrease at a faster rate than 
citrie acid. Cis-aconitic and isocitric acid were found 
in smaller quantities. Changes in sugars, tannins, 
pectins, and volatile reducing substances during ma- 
turation of the berries are reported. The importance 
of correct harvest maturity and a proper balance of 
sweetness and acidity to flavor acceptance of frozen 
boysenberry pies*is discussed. 
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Effect of Metallic Iron on the Spoilage of 


Canned Pork Luncheon Meat: 


(Manuscript received May 21, 1959) 


P ATCHES OF BARE STEEL were often 
observed on the interior surfaces of cans of pork 
luncheon meat that spoiled during incubation at 
29° C. This meat had been repacked in our laboratory 
from commercially marketed tins of pork luncheon 
meat that were labeled ‘‘Perishable—Keep Under Re- 
frigeration.’’ The apparent correlation of can cor- 
rosion and spoilage of pork luncheon meat led to tests 
of the effect of added iron powder upon the nature of 
the spoilage of such meat that had additionally been 
inoculated with spores of Clostridium botulinum. 
Jensen (3) indicated that the omission of nitrate when 
curing chopped hams can prevent subsequent sweiling 
of tins due to the usual fermentative carbon dioxide. 
He also pointed out that such omission may establish 
a condition in the meat during incubation that is opti- 
mum for the growth of Clostridia. Halvorson (2) sug- 
gests that the preservative effects of nitrate and ni- 
trites may be due to the high oxidation-reduction 
potential established by these chemicals. He was also 
of the opinion that since nitrites are used in smaller 
amounts in such cures, their effect may be temporary 
if used alone. 

The purposes of this investigation were to deter- 
mine whether metallic iron influenced the rate of 
spoilage of canned pork luncheon meat and whether 
the spoilage of such meat, inoculated with Cl. botuli- 
num spores, resulted in toxic products. 


MATERIALS AND METHODS 


Pork luncheon meat. Products of two manufacturers were used 
in preparing inoculated packs for this study. The 6-pound cans 
sold by both packers were marked ‘‘Pork Luncheon Meat, 
Perishable—Keep Under Refrigeration.’’ One of these packers 
furnished the formula used in preparation of the produet, viz.: 
pork 90.9%, salt 3.6%, sucrose 2.7%, sodium nitrate 0.014%, 
sodium nitrite 0.007%, spice 0.028%, and water 2.7%. Quali- 
tative information printed on the can of meat sold by the other 
manufacturer indicated that similar materials were used in 
preparation of the product except that dextrose and corn syrup 
replaced the sucrose. 

Inoculum. Spores of Cl. botulinum, Type A—No. 62 (from 
K. F. Meyer), were grown in the liver broth medium described 
by Reed et al. (4) by incubating for two weeks at 37° C. They 
were then strained through cheese cloth, washed twelve times 
with distilled water by alternate centrifugation and deeanta- 
tion, suspended in distilled water and stored at 4° C. Before 
use, the spore suspension was heated for fifteen minutes at 
85° C. to inactivate any remaining vegetative cells and toxin, 
and to heat-shock the spores. Appropriate dilutions for inocu- 
lation into the canned meat were prepared by counting viable 
spores present in the stock suspension using the medium of 
Reed, Bohrer and Cameron (4). This medium was supplemented 
with 0.1% soluble starch to aid spore germination as suggested 


* Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, May 19, 1959, Philadelphia. 
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Arbor, Michigan 


by Wynne and Foster (5), and with 0.1% sodium thioglycollate 
for poising the medium at a low redox potential. 

Inoculated pack preparation. Tins containing 6 pounds of 
commercially canned pork luncheon meat were purchased in a 
refrigerated condition. These were opened, the meat removed, 
ground, and separated into 3 lots. One lot was mixed with 
powdered metallic iron, using 3.3 g. of iron per 100 g. of meat 
except that in one case detinned strips of can metal were used 
instead of the powdered iron. This mixture was packed in 
202 x 202 mushroom-style cans; one mil. of a spore suspension 
containing 10,000 Cl. botulinum per ml. spores was injected into 
the approximate geometric center of the meat, and the cans 
were then sealed in a vacuum-type closing machine. Following 
this, the cans were incubated at 29° C. until hard-swells de- 
veloped. The second lot was treated in like manner except that 
iron powder was not added. The third lot was further divided 
into 2 portions. One portion was mixed with iron powder as 
previously described. Both portions were packed into cans, the 
covers were loosely set in place and the cans were placed in an 
autoclave where the meat was heat processed at 121° C. for 
one hour. The meat was inoculated while hot and the can covers 
then immediately sealed. The autoclaving process used for this 
third lot of cans definitely diluted the preserving salts with 
condensate; hence, the autoclaved products could no longer be 
considered as typical pork luncheon meat. However, this third 
lot of meat was only prepared to verify the ability of the 
Cl. botulinum spores used in this test to produce toxicogenic 
cultures under the approximate conditions of the experiments. 

Examination of swollen cans. In order to determine whether 
bacterial cultures had developed, the cans were aseptically 
opened and smears were prepared. This was done by removing 
a loopful of meat particles, wiping them across a microscope 
slide, fixing and Gram-staining. When the cans were opened, 
the odor of the gas and the visual condition of the meat were 
noted. No chemical analyses were made of the gas or of the 
meat. However, the meat was tested for the presence of botu- 
linus toxin. For this purpose all the meat in the ean, approxi- 
mately 90 g., was placed in a sterile flask and then covered 
with approximately 90 ml. of sterile distilled water. This was 
allowed to infuse in a refrigerator at 4° C. for twelve hours. 
Part of the liquid was strained through a sterile plug of glass 
wool and then 0.5 ml. portions of the filtrate were injected, 
intraperitoneally, into 15 g. mice. Death of the mice within 
72 hours was recorded as positive. Where indicated, the nature 
of the toxin was verified by injecting other mice with portions 
of the filtrate that had been heated to 75° C. for twenty min- 
utes. This treatment inactivates botulinus toxin. Also, toxin 
neutralization tests were carried out using Type A antitoxin. 
For this purpose 0.50 ml. of the filtrate were infused with 0.2 
ml. of antitoxin for two hours at 4° C. before being injected 
into mice. Protection of the mice against an otherwise toxic 
sample verified the presence of Type A toxin. 


RESULTS 


Data from studies using pork luncheon meat mixed with iron 
powder are shown in Table 1. Both the inoculated and uninocu- 
lated meat were stable at 29° C. in the absence of iron powder; 
however, when iron powder was mixed with the meat, both sets 
of cans swelled within one week. Furthermore, in both in- 
stances the odor of the gas developed in the cans was sour, not 
putrid; the cultures that developed were all Gram-positive cocci 
and appeared to be identical under the microscope; what is 
even more important, no toxin was found in the meat taken 
from any of these cans. As shown in Table 2, almost identical 
results were obtained when strips of steel, obtained by de- 
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TABLE 1 


Effect of metallic iron powder on spoilage of canned pork 
luncheon meat inoculated with 10,000 spores of Cl. 
botulinum type A per can and incubated at 29° C 


Microscopic 
Days to gas Mouse 
Can contents | examination 
| formation of can contents inoculation 
x 
Uninoculated meat + i Gm. (+) cocei 0/22 
Fe powder 3 Gm. (4+-) cocei 0/2 
| 4 Gm. (+) cocei 0/2 
| 6 Gm. (+) cocci 0/2 
Meat + Fe powder | 2 Gm. (+) cocci 0/2 
+ spores | 3 Gm. (+) cocei 0/2 
4 | Gm. (+) cocci 0/2 
| 4 | . Gm. (+) cocci | 0/2 


'X = No gas formation at six months incubation. 
20/2 = No deaths at 72 hours out of two mice inoculated. 


TABLE 2 


Effect of detinned czn strips on spoilage of canned pork 
luncheon meat inoculated with 10,000 spores of Cl. 
botulinum type A per can and incubated at 29° C 


| Microscopic 
| Days to gas Mi acey 


formation examination 
| of can contents 


Can contents inoculation 


= 
Mouse 
| 


| | 
Meat + spores + 63 ; Gm. (+) cocci | 0/42 
can strips 63 | Gm. (+) cocci 0/4 
126 | Gm. (+) cocci 0/4 


1X = No gas formation at six months incubation. 
20/4 = No deaths at 72 hours out of four mice inoculated. 


tinning can metal, were substituted for powdered iron. The 
only significant difference was the increased ineubation time 
needed before the cans swelled when the can strips were used. 

The data obtained using pork luncheon meat that was steri- 
lized in an autoclave and then inoculated with Cl. botulinum 
spores are not presented in detail because such meat cannot be 
accurately designated as pork luncheon meat since the preserva- 
tive salts were diluted. However, cans from the packs of this 
product all developed gas, whether mixed with iron powder or 
not. In addition, all of this meat was putrid and contained 
both Gram-positive bacilli and a high concentration of Type A 
botulinus toxin. When iron powder was present, gas developed 
in two weeks; without iron, 6 weeks were required. 

Observation of gas development in all of the cans tested 
showed a pattern in which about 18 hours were required for 
development of hard-swells following the first noticeable springi- 
ness. This type of gas development is characteristic of bac- 
teriological growth that results in gas formation. 


DISCUSSION 

The presence of iron powder in pork luncheon meat 
that was also inoculated with spores of Cl. botulinum 
resulted in the growth of cultures of Gram-positive 
coeci in the unprocessed meat and of Cl. botulinum in 
the previously sterilized meat. Such growths could 
have been potentiated by the removal of preservative 
salts caused by reaction between metallic iron on one 
hand, and nitrite and nitrate on the other. This re- 
action is likely since the former is a strong reducing 
agent, and the latter are good oxidizing agents. With 
the disappearance of nitrate and nitrite, the oxidation 
reduction potential should fall; then micrococei and 
Cl. botulinum could develop. In this connection, 


Dubos (1) found that initiation of Staphylococcus 
aureus growth in culture media required increasingly 
smaller inocula as the concentrations of added eys- 
teine were increased. He attributed this to lowered 
oxidation-reduction potential. It is common knowl- 
edge that a low redox potential is needed to initiate 
the growth of Cl. botulinum spores. 

The question occurs, why do cans of pork luncheon 
meat, containing both the indigenous microbial flora 
and added Cl. botulinum spores, ferment to gas with 
the development of cocci rather than putrefy with 
concurrent toxin production? Jensen (3) partially 
answered this question as was previously indicated in 
the introduction to this present paper. He pointed out 
that the omission of nitrate when curing chopped 
hams may result in finished canned products that do 
not show the usual fermentative carbon dioxide swells, 
and that such omission may also establish conditions 
suitable for the growth of Clostridia. In the present 
study, the redox potential was probably initially 
poised at a high level due to the presence of both 
nitrate and nitrite; this potential was then probably 
lowered gradually by the chemical removal of these 
compounds as they reacted with the metallic iron, As 
the redox potential fell conditions slowly developed 
which were first suitable for the development of the 
Gram-positive cocci. These organisms then grew and 
developed gas. The Clostridia thus may not have had 
a chance to grow when the cocci were present because, 
by the time a suitable redox potential had developed 
for Clostridia, the cocci had already distended the can 
to a hard-swell and caused its removal from ineuba- 
tion. It may also be significant that Cl. botulinum 
spores must first require time to germinate before 
developing a culture. This in itself may delay growth 
of the organism. Such, of course, is not the case with 
cocci, 

SUMMARY 

Experiments are reported indicating that added 
metallic iron hastened the spoilage of canned pork 
luncheon meat of the variety marketed under the 
label ‘‘Perishable— Keep Under Refrigeration.’’ 
Even when inoculated with Cl. botulinum spores, 
swollen cans of such pork luncheon meat did not con- 
tain botulinus toxin when the cans were incubated at 
29°C. Thus, the presence of indigenous microbial 
flora that developed gas when they grew in this pork 
luncheon meat acted as a safety factor by obviating 
the development of botulinus toxin during spoilage of 
ithe product. 
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The Effects of a Pre-Rigor Infusion of Sodium 
Hexametaphosphate on Tenderness and 


Certain Chemical Characteristics of Meat‘ 


(Manuscript received May |1, 1959) 


T exveanres IN MEAT is an elusive 
characteristic, since many of the factors which con- 
tribute to it are in a continual state of change from 
the time of animal slaughter. Attempts to associate 
meat tenderness with more stable components, such 
as connective tissue, have met with limited success. 
Mitchell (7/7, 12) and Mackintosh (9) found that the 
amount of connective tissue varied among different 
cuts of the same carcass but did not increase with age. 
Loyd (8) found that there appeared to be a slight 
increase in connective tissue as the age of the beef 
animal increased from a veal calf to an old cow. 
Wang (19) found that tenderness of beef could be 
indicated by single fiber extensibility, a procedure in 
which connective tissue is not involved. This was con- 
firmed in beef by Orme (13) and by Saffle (17) with 
pork. It would appear that connective tissue is not 
the major cause of variations in tenderness of specific 
muscles among different carcasses. 

In an attempt to find other causes for loss of meat 
tenderness, the changes occurring during post mortem 
aging have been studied extensively by Ramsbottom 
et al. (15), Paul et al. (14), Lowe (7) and Wierbicki 
et al. (21). These authors also noted that beef was 
tender immediately after slaughter but became less 
tender for the next 24 to 72 hours. Dodge and Stadel- 
man (4), working with poultry meat, showed a defi- 
nite advantage in tenderness if cooking were done 
prior to onset of rigor. If rigor occurred during the 
cooking process, the muscles became extremely tough 
and the carcass misshapen. The results of these many 
studies indicate that reactions occurring during the 
development of rigor may contribute substantially to 
the adverse changes in meat tenderness. 

The work reported in this paper is an attempt to 
evaluate the extent to which rigor per se contributes 
to toughness of meat. The methods used were de- 
signed to interrupt the normal sequence of reactions 
occurring during rigor by infusing a chelating agent 
into hot hams. In addition, glycogen content and pH 
were determined and color studies were conducted. 


EXPERIMENTAL 


Methods and procedure. Although tenderness is not as vari- 
able in pork as in beef, paired hams were used in this study 


“Approved for publication by the Director of the South 
Dakota Agricultural Experiment Station as No. 433 of the 
Journal Series. 
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for the sake of economy during the preliminary trials. Sixteen 
hogs ranging in live weight from 200 to 225 pounds were 
slaughtered by conventional methods. Within 15 minutes after 
sticking, the slaughter process was completed and both hams 
were removed. One ham from each carcass was infused through 
the femoral artery with a 23.3% aqueous solution of sodium 
hexametaphosphate (Calgon) to an inerease of 5% of the 
original weight of the ham. The ham from the opposite side 
of the same ecareass was infused by similar means using water 
only, The temperature of the solutions at the time of infusion 
was 38° C. and the pH of the hexametaphosphate solution was 
7.65. 

The hams were put in flat pans and placed into a 35° F. 
cooler for 72 hours. The pH of each of the hams was taken 
immediately after infusion and at the end of 24, 48, and 72 
hours. The pH remained high for the treated hams and color 
of lean was dark. As an attempted corrective measure for the 
high pH and dark lean, four hams were separately infused 
with one of the following lactie acid variations: 


. 23.3% sodium hexametaphosphate solution plus 3% lactic 
acid to an inerease of 24%4% of the original ham weight. 


— 


. 23.3% sodium hexametaphosphate solution plus 6% lactic 
acid to an inerease of 5% of the original ham weight. 


to 


3. 23.3% sodium hexametaphosphate solution plus 10% lactic 
acid to an inerease of 5% of the original ham weight. 


4. 23.3% sodium hexametaphosphate solution to an increase 
of 2%% of original ham weight followed by an addi- 
tional 24%4% of ham weight with 15.7% water solution 
of lactie acid. 


Both color and black and white photographs were taken at 
the end of 72 hours to record any differences in appearance of 
the ham slices due to treatment. The ham slices were cut 
1 ineh posterior and parallel to the aitch bone and 1 inch in 
thickness. The first ham slice was used for taste panel analysis. 
The slice was deep-fat fried at 100° C. to an internal tempera- 
ture of 76° C. Only the Semimembranosus muscle was used for 
taste panel testing. Eight members selected at random served 
on the taste panel which used the hedonie seale (1 = extremely 
tough and 9= extremely tender) to rate the samples. Only 4 
samples, which were coded and consisted of duplicates of a 
control ham and the corresponding treated ham, were tested 
for tenderness at any one time. Three samples from the second 
ham slices were tested for tenderness by means of a Lee- 
Kramer Shear-Press. The samples measured 66 mm. x 27 mm. 
x 25 mm. and were taken from the Semimembranosus and 
Biceps femoris muscles. 

Initial glyeogen content of the meat was determined by 
sampling approximately 1 minute after sticking of the animal 
and placing the sample immediately in a dry ice-acetone solu- 
tion until frozen solid. The samples were then placed in the 
freezer-drier until completely dry. Samples were also taken 
from the treated and control hams at the end of 72 hours and 
dried as before. The dried samples thus prepared were ana- 
lyzed for total glycogen content by the method of Cowgill and 
Pardee (2) and expressed as per cent of fat-free dry sample. 
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EFFECT OF SODIUM HEXAMETAPHOSPHATE ON MEAT TENDERNESS 


RESULTS AND DISCUSSION 

Table 1 shows a decided advantage in tenderness 
was obtained with ‘‘Calgon’’ treated over the non- 
treated hams. In every case the average taste panel 
tenderness score was higher for the treated samples. 
The differences were highly significant (Table 1). 
No effort was made to determine the minimum level 
of sodium hexametaphosphate which would produce 
an increase in tenderness nor the maximum sodium 
hexametaphosphate level at which no further im- 
provement in tenderness could be expected. The level 
of sodium hexametaphosphate used in this study was 
the maximum level at which no objectionable flavor 
would be noted in taste panel samples taken from 
treated hams. It was intended also that a screening 
process of other compounds that could produce a 
similar tenderizing effect (i.e. Versene, citrate) be 
made before recommending specific levels for prac- 
tical usage. 

Results obtained from the Lee-Kramer shear 
equipped with Westronics Miniature Chart Recorder 
were not as useful as those determined by taste panels 
because of the wide variation between samples and 
the inherent limitation of the recorder attachment. 
If the 1000-pound recorder range was used many 
samples fell below the base line of the recorder, 
whereas if the 300-pound recorder range was used, 
many samples gave readings above the maximum limit 
of the recorder. Out of 148 individual samples 4 did 
not record due to mechanical failure of the recorder. 
Though no definite advantage can be shown for either 
treated or control by this method, 19 treated as com- 
pared to 9 control samples fell below the 1000-pound 
range limit of the recorder. No further treatment of 
the data from the shear was attempted since 21% 
of the data was not obtainable. 

Table 1 shows the consistently higher pH values 
for the treated samples as compared to the control 
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samples at the end of the 24-, 48-, and 72-hour periods. 
These observations were highly significant as indi- 
cated in Table 1. 

The abnormally high pH values for the treated 
samples could be explained by either a low post- 
mortem acid production in the muscle or to the buffer- 
ing action of the sodium hexametaphosphate solution 
injected. Since much of the initial glycogen was 
dissipated in both the treated and control samples 
(Table 1) it would appear that buffering action had 
taken place in the treated samples. However, Bate- 
Smith (1) observed that glycogen disappearance and 
lactic acid inerease continues until the pH falls too 
low (approximately 5.4) for enzyme activity. If this 
line of thought were followed, it would appear that 
the treated samples should be either free of glycogen 
or at least lower than the control samples, since the 
pH is well within the range for continued glycogen 
disappearance. Thus the buffering action of sodium 
hexametaphosphate, though a probability, does not 
fuily explain the high pH level combined with the 
higher glycogen levels of the treated samples at the 
Howard and Lowrie (5) have sug- 
that glycogen is not physiologically homo- 
geneous and as much as .15% may be resistant to 
glycolysis even though the pH remains above 5.5. 

In addition to the high pH, a definite dark color was 
observed for all treated samples. This is in agreement 
with Bouton et al. (2), Hall et al. (6) and the review 
by Ramsbottom et al. (16) that high pH is usually 
associated with ‘‘dark ecutters.’’ The difference in 
color was less apparent when lactic acid was included 
in the treatment to lower the pH. It was difficult to 
obtain uniform distribution of lactic acid throughout 
the ham with the infusion method used. The Vastus 
intermedius, Vastus lateralis, Vastus medialis, and 
the Rectus femoris had a grey color, granular texture, 
and a pH range of 4 to 4.7. This was especially notice- 


end of 72 hours. 


gested 


TABLE 1 
Summary of taste panel scores, pH readings, and glycogen values of control and treated hams 


Taste panel 
tenderness 
scores 


Animal number Ist hour 


Control Treated Control Treated ‘ontrol 


6.00 
6.38 
6.90 
6.80 
6.80 
6.90 
6.80 
6.50 
6.90 
6.60? 
6.101 
6.50 
6.80 
5.20! 
6.60 
6.70 
6.90 
7.00 
6.90 


6.56 
8.18 


non 


6.74 


Mean difference....... 0.15 


' Treated with varying concentrations of lactic acid during 


*** Denotes significance at .001 level. 


24 hours 


infusion 


pH 


Treated 


(se 


Glycogen levels. 
Readings 
% wt. 


8 hours 72 hours . 
48 hou Control 


1 min 


Treated | Control 
ontrol Treated 72 hrs. | 72 hrs. 


Control Treated 


3.20 5 6.20 
5.60 5.6 6.20 
5.60 5.2 1.10 
5.00 5.50 
5.95 
5.60 
5.40 
40 
1.40 
RO! 
90! 
5.80 
1.40 
5.201 
5.201 
3.60 
3.40 


6.33 
0.55*** | 


e experimental section for levels) not included in the mean 
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| 
5.06 | 6.60 5.89 5.75 5.80 | 
5.38 | 6.65 5.70 6.50 5.80 
5.56 7.19 6.40 5.60 6.50 5.75 | 
5.50 7.44 6.80 5.95 6.40 5.50 
5.88 6.19 6.90 6.15 6.50 5.50 
5.19 6.25 6.40 5.90 6.60 5.90 -f 
5.25 8.19 6.90 5.90 6.40 5.90 
6.62 7.44 6.80 5.80 6.40 5.80 aly 
4.31 8.38 6.60 5.90 6.40 5.90 
_ 6.63 8.25 | 7.00 90 5.901 5.70 
6.63 7.88 | 6.40 6.80! 5.80 fe 
4.50 7.38 6.60 90 6.40 5.60 | 
4.25 7.69 6.60 5.90 6.70 5.70 
4.94 6.00 6.00 5.90 5.201 6.00 
5.25 6.56 | 6.00 5.70 6.002 5.60 
4.13 7.25 | 6.60 5.80 6.60 5.95 2.35 0.18 0.08 
6.00 7.06 | 6.50 5.90 6.20 6.00 3.58 | 0.85 0.04 
5.25 7.38 6.80 80 6.60 2.16 0.12 0.00 
10... | 6.60 80 6.30 5.80 6.40 4.92 0.63 0.38 
6.7 7.00 3.40 5.90 6.40 |} 432 | 0.56 | 0.46 
> © 
7.29 6.59 B.85 6.42 5.7 0.36 0.19 
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Figure 1. Showing effect of lactic acid plus Calgon on color. 


able in the two highest concentrations of lactic acid 
used. The remaining muscles of the same ham slice 
had a pH range of 5.2 to 5.6 and the color appeared 
to be normal (Figure 1). 

Howard and Lowrie (5) have indicated that high 
pH does not favor tenderness under all conditions. In 
the present study it was observed that correction for 
high pH by lactic acid did not decrease any tender- 
ness resulting from sodium hexametaphosphate infu- 
sion. This might indicate that tenderness and pH are 
not necessarily related under the conditions of this 
experiment. Marsh (10) suggested that an extractable 
factor in muscle which inhibits the breakdown of ATP 
and thereby delays rigor mortis, requires Mg and is 
inactivated by the presence of Ca ions. On the other 
hand, Szent-Gyorgyi (18) suggests that Mg ions are 
necessary for the onset of rigor. Weber (20) further 
states that all polyphosphates can be substituted for 
ATP as muscle plasticizers. Thus, though there ap- 
pears to be some question as to the actual reactions 
involved with phosphate infusion, such as hexameta- 
phosphate, most authors agree that a delay in the 
onset of rigor is apparent. If rigor was either in- 
complete or absent, the muscles should be more tender 
as shown by Dodge and Stadelman (4) in working 
with chicken meat. The more obvious effects of sodium 
hexametaphosphate infusion into hot hams, such as 
higher pH, dark coloration, and increased tenderness 
can be repeatedly demonstrated. Further work should 
include the effect of hexametaphosphate on ions and 
muscle factors such as Ca, Mg, ATP and the Marsh 
factor (10). 

Other observations of interest which as yet have 
not been extensively investigated were: 


1. Water-infused hams went through a series of 
contractions which continued during the infu- 
sion period (1-2 min.), while the treated in- 
fusion mixtures produced a massive contraction 
throughout the ham which then appeared to 
slowly relax with no further local contraction 
areas. 

. At the end of 72 hours the treated ham slices 
appeared soft, almost to the point of being flabby. 

. Hams infused with the lactic acid-sodium hexa- 
metaphosphate solution developed considerably 
more drip than either the sodium hexametaphos- 
phate treated or control hams. 


4. Sodium hexametaphosphate treated hams felt 
sticky to the touch; this was not noticeable with 
control or lactic acid-sodium hexametaphosphate 
treated hams. 

SUMMARY 


Twenty hogs ranging in weight from 200 to 225 
pounds were used in this study. Hams from 16 of 
these hogs were used to determine the effect of sodium 
hexametaphosphate (Calgon) infusion on tenderness. 
An additional four pairs of hams were used to de- 
termine the effect of the infusion of sodium hexa- 
metaphosphate and various levels of lactic acid on 
pH, color and tenderness. 

Results showed a highly significant difference in 
tenderness of all hams infused with sodium hexameta- 
phosphate or lactic acid and hexametaphosphate mix. 
The pH and color were improved by adding lactic 
acid to the sodium hexametaphosphate infusion mix. 
The hot hams infused with sodium hexametaphos- 
phate showed an immediate massive contraction and 
then relaxation, while the water-infused controls 
showed continued contractions throughout the hams 
during the infusion process. Both treated and un- 
treated hams had much lower glycogen contents than 
the initial samples, although the glycogen levels of 
treated hams were higher than the control hams at 
72 hours. A higher pH, higher glycogen level and 
dark coloration were noticed in all hams infused with 
only sodium hexametaphosphate. These conditions 
combined with the sticky feel would indicate that 
**dark cutter’’ meat had been produced. 
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Collagen Content of Two Beef Muscles: 


(Manuscript received May 13, 1959) 


Huu CONNECTIVE TISSUE within 
a muscle has been regarded as an indication of tough- 
ness. Since muscle fibers as well as connective tissue 
contribute to toughness, measures of toughness—such 
as shear force values or scores obtained from taste 
panels—which do not distinguish between muscle 
fibers and connective tissue may not be closely related 
to histological or chemical tests for connective tissue. 
Cover and Smith (4) reported that when two muscles 
(longissimus dorsi and biceps femoris) were broiled 
well-done, the tenderness scores were similar but the 
collagen content was much higher in biceps than in 
longissimus. 

Moist heat cooking methods have been recommended 
for ‘‘less tender cuts,’’ such as bottom round (biceps 
femoris). This recommendation was based on the fact 
that collagen is changed to gelatin by moist heat, a 
change that reduces its toughening effect. Cover (2) 
questioned the necessity of moist heat, in the sense 
of added moisture, to make meat tender because meat 
contains about 70% water. She found that bottom 
round roasts cooked to an internal temperature of 
80° C. were more tender cooked in air in a well venti- 


* This study was supported in part through a contract spon- 
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lated oven at 90° C. than in water at 90° C. The time 
of cooking was much longer in air (26 hours) than in 
water (2 hours). The long slow cooking in air ap- 
peared to be effective in tendering cuts with much 
connective tissue. In another study (4) she found that 
some collagen was degraded when steaks were broiled 
well-done in approximately 35 minutes, 

The purpose of this study was to determine the 
effect of cooking by a dry heat method for a short time 
on the collagen content of two beef muscles and to 
relate the collagen content to judges’ scores for ten- 
derness of the connective tissue. 


EXPERIMENTAL PROCEDURE 


Meat used in this study was obtained from steers produced 
in 1956 at Texas Agricultural Experiment Station Substation 
No. 23. Loin and bottom round steaks were obtained from 26 
steers—3 Santa Gertrudis, 10 Hereford, and 13 Brahman. Loin 
steaks were trimmed to inelude the longissimus dorsi musele 
and bottom round steaks were trimmed to inelude the biceps 
femoris musele. The steaks were frozen at —20° F. and stored 
at 0° F. 

Data on the collagen content of cooked steaks were obtained 
for steaks which had been broiled rare to an internal tempera- 
ture of 61° C., as described by Cover (3). Cooking times aver- 
aged 17 minutes for the loin steaks and 22 minutes for the 
bottom round steaks from the 26 animals. After the steaks 
had been broiled, they were transferred to a‘ freezer jar and 
stored at 0° F. until collagen analyses could be made. 
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Outside edges were trimmed from the raw steaks prior to 
grinding but these edges had been trimmed from the rare 
steaks prior to cooking. The frozen steaks, trimmed free of 
outside edges, were ground through the fine plate of a Hobart 
electric grinder, the raw 5 times and the cooked 3 times. Two 
steaks, one from the left and one from the right side of the 
eareass, were ground to obtain one sample. From this large 
sample, analyses were made in triplieate on small samples 
which weighed 1.5 to 2.5 g. Analyses were made simultaneousiy 
on the raw steaks and the corresponding broiled steaks from 
the 2 muscles. 

The method used for collagen determinations was a modifiea- 
tion of the method of Lowery, Gilligan, and Katersky (10). 
Extractions to remove substances other than collagen and 
elastin were made with water and with 0.1 N NaOH. Each 
meat sample was subjected to 2 water extractions within a 
period of approximately 4 hours and then to five 0.1 N NaOH 
extractions within a period of approximately 26 hours. 

For each extraction the sample was placed in a centrifuge 
bottle, diluted with water or 0.1 N NaOH to 150 ml., stirred 
with a motor stirrer, and centrifuged. Dissolved substances 
were separated from connective tissue by filtering the super- 
natant liquid through No. 800 ‘‘Pyrex’’ brand glass wool, 
which had been packed tightly to form a eolumn approximately 
0.5 em. long within the stem of a funnel. After filtration, the 
glass wool was transferred to the centrifuge bottle and par- 
ticles adhering to the sides of the funnel were washed into the 
centrifuge bottle. Then, another extraction was begun. This 
extraction procedure was not suitable for meat cooked to 
internal temperatures higher than 61° C. because filtration of 
the sodium hydroxide supernatant from these samples was 
extremely slow. 

After the fifth sodium hydroxide extraction, the sample was 
neutralized with dilute hydrochloric acid, the supernatant fil- 
tered, and the residue washed with warm water (35-40° C.) to 
remove undissolved gelatin. The sample was autoclaved for 6 
hours at 20 lb. pressure to change collagen to gelatin. Gelatin 
was separated from elastin by filtering the sample and washing 
the residue with boiling water. The filtrate was analyzed for 
nitrogen content by the macro-Kjeldahl method recommended 
by A.O.A.C, Total nitrogen determinations were made on the 
corresponding unextracted meat samples. 


RESULTS AND DISCUSSION 


The average collagen nitrogen content of raw and 
broiled steaks from longissimus dorsi and biceps 
femoris of 26 animals is given in Table 1 along with 
the loss of collagen nitrogen during cooking. Collagen 
nitrogen content was reported on 3 bases: g. nitrogen/ 
100 g. of meat as weighed, g. nitrogen/100 g. of raw 
meat, and g. nitrogen/100 g. of total nitrogen. Loss 
of collagen nitrogen was reported on 2 bases: per- 
centage of the raw weight and percentage of total 
nitrogen. 

The 2 muscles were compared within treatments 
for collagen nitrogen content. Biceps, raw and 
broiled, contained much more collagen nitrogen than 
the corresponding raw or broiled longissimus. The 
differences in collagen nitrogen content were signifi- 
cant at the 0.1% level for all 3 bases used for report- 
ing results. Cover and Smith (4), using a modified 
Lowery technique, also found more collagen nitrogen 
in biceps than in longissimus. Their results for raw 
meat were 2.01 and 3.16 g. collagen nitrogen/100 g. 
of total nitrogen for longissimus and biceps, respec- 
tively, and are fairly similar to the data in Table 1. 
Their results for meat broiled well-done were 1.06 and 
1.87 g. collagen nitrogen/100 g. total nitrogen for 
longissimus and biceps respectively and are consider- 


TABLE 1 


Content and retention of collagen nitrogen, 
averages of 26 animals 


Loss of 
llagen 
nitrogen 
comperison z./100 g.| ¢./100 g.|g./100 g.| Raw wt. | Total 
meat as raw total basis nitrogen 
nitrogen % basis % 


| Content of collagen 


weighed meat! 
Comparisons by cuts within treatments 


0.063 0.063 1.87 
0.100 0.100 


0.053 0.046 
oa 0.089 0.076 
Sig. of dif.............. 

Comparisons by treatments within cuts 


0.063 0.063 1.87 
0.053 0.046 1.42 

Sig. of dif ** “ee 
B. femoris 
0.100 1.00 3.08 cose 
0.089 0.076 2.45 ‘ | 20 


| 


n.s., **, and *** indicate significance above 5% level, at the 1% 
level, and at 0.1% level respectively. 

1 Collagen nitrogen content of cooked meat epressed as g. per 100 ¢ 
of raw meat was calculated by the following formula: 


(g. of collagen N in sample) x (wt. in g. of cooked steak) x 100 
(wt. in g. of sample) x (wt. in g. of raw steak) 


ably lower than those in Table 1 for steaks broiled 
rare. This was expected, however, because of the more 
severe heat treatment for well-done steaks. Rams- 
bottom, Strandine, and Koonz (11) rated biceps 
higher in amount of connective tissue than longissi- 
mus. Their connective tissue rating was a composite 
of histological ratings for elastic and collagenous 
fibers. Hiner, Anderson, and Fellers (7) made his- 
tological studies of elastic and collagenous fibers of 
eleven beef muscles. They reported that muscles 
which were used extensively contained large amounts 
of connective tissue and muscles which were seldom 
used had small amounts of connective tissue. Biceps 
femoris is assumed to be used extensively and to have 
a higher collagen content than longissimus dorsi. 

Raw and cooked meat were compared within mus- 
cles. The collagen nitrogen content of raw meat from 
both muscles was significantly higher than the col- 
lagen nitrogen content of cooked meat. The differ- 
ence was significant at the 1% level when results were 
reported as g. collagen nitrogen/100 g. of meat as 
weighed but was significant at the 0.1% level when re- 
sults were reported as g. collagen nitrogen/100 g. of 
raw meat or as g. collagen nitrogen/100 g. total nitro- 
gen (Table 1). The collagen nitrogen content of cooked 
meat, reported as g. nitrogen/100 g. of meat as 
weighed, was high due to the loss of moisture and fat 
during cooking. This basis does not appear to be a 
satisfactory one for comparing the collagen nitrogen 
content of raw and cooked meat. 

About 25% of the collagen nitrogen content of both 
muscles was lost by broiling to 61°C. Cover and 
Smith (4) found that the average loss in collagen 
nitrogen of longissimus dorsi and biceps femoris was 
around 45% when the steaks were broiled well-done. 


+ 

: 
r Raw | | 
3 
Sig. of dif...) *** 
on 
61° ¢ 
26 23 
n.8. | n.8. 
Sig. of dif 
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The steaks used in their study, however, were only 
%4-inch in thickness. The smaller steaks and the 
longer cooking time required to reach the well-done 
stage were factors which subjected the steaks used in 
their study to more extreme cooking conditions than 
those used in the present study. Bell, Morgan, and 
Dorman (1) found that the loss of collagen during 
boiling and baking was increased as the cooking 
period was lengthened. Griswold (5) found that the 
losses of collagen which occurred during the braising 
of beef round were increased as the internal tempera- 
ture of meat was increased. 

The loss of collagen nitrogen which occurred during 
the broiling of steaks to 61° C. seems to indicate that 
some of the collagen had been changed to gelatin, a 
change which has been thought to require long cook- 
ing in moist heat. That the change occurred under 
relatively mild heat treatment (short time with dry 
heat) seems to indicate that some of the collagen is 
more easily affected by heat than was previously sup- 
posed. The conversion of collagen to gelatin by heat 
has been studied by a number of workers. Wohlisch 
(12) reported in 1932 that 96% of the collagen in rat 
tail tendon was converted into gelatin by warming at 
60° C. for 2 hours, and about 80% of that in cattle 
tendon by warming at 64° C. for 2 hours. More re- 
cently the stability of collagen to heat has been 
measured by the temperature at which instantaneous 
shrinkage of the collagen fiber occurs. Gustavson (6) 
reported a thermal shrinkage (Ts) of 40° C. for skin 
of cod fish and 65° C. for calf skin. Keech (9) found 
a thermal shrinkage range of 60-74° C. for 14 sam- 
ples of human abdominal skin. Obviously, the resist- 
ance of collagen to heat varies between species. Little 
is known about the chemistry of collagen in beef 
muscle; the heat treatment necessary to change it to 
gelatin; the percentage change which takes place 
under various conditions of cooking; or the effect of 
animal variation on the amount of conversion. 

The percentage loss of collagen nitrogen, which 
resulted from broiling the steaks to 61° C., was ap- 
proximately the same for the 2 muscles. Apparently 
the collagen in longissimus dorsi and biceps femoris 
was changed at the same rate under the conditions 
used in this study. Cover and Smith (4) found that 
the percentage loss in collagen nitrogen of steaks 
broiled well-done was very similar for longissimus 
and biceps. 

Comparisons between collagen nitrogen content 
and judges’ scores for connective tissue were possible 
because scores had been obtained on steaks adjacent 
to those used for collagen determinations (Cover, 3). 
These scores were presumed to be more reliable indi- 
cators of the amount of connective tissue present than 
were previously reported scores for tenderness which 
included muscle fiber tenderness as well as connec- 
tive tissue tenderness. The averages of scores for 
tenderness of connective tissue for the 26 animals 
used in this study were 9.3 and 3.0 for longissimus 
and biceps respectively.” The correlation coefficient 


"Scoring was done by weighted adjectives with 0 (residue 
very hard) and 10 (no connective tissue felt). 


of collagen nitrogen content versus tenderness of con- 
nective tissue was not significant within longissimus 
(0.002) but was significant at the 0.1% level within 
biceps (—0.492). In general, biceps contained more 
collagen and had tougher connective tissue than did 
longissimus (Figure 1). These data suggest an associ- 
ation between a chemical entity, collagen as deter- 
mined here, and the ability of judges to score for 
tenderness or toughness of connective tissue. 

Cover and Smith (4) obtained tenderness scores 
which were similar for well-done broiled steaks from 
longissimus and biceps but found much more collagen 
nitrogen in biceps than in longissimus. Thus the col- 
lagen content did not appear to influence those ten- 
derness scores where the 2 muscles were compared by 
the same method of cooking. However, when the 
collagen nitrogen content of biceps was compared by 
broiling and braising, the collagen nitrogen content 
appeared to have an inverse relationship to tender- 
ness scores. The braised meat had higher tenderness 
scores and lower collagen nitrogen content than the 
broiled meat. The tenderness scores used in their 
study were not subdivided and consequently reflected 
variations in tenderness of the muscle fiber as well as 
tenderness of connective tissue. These variations may 
have been partially responsible for the lack of con- 
sistency in the relationship between collagen nitrogen 
and tenderness scores. 
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Figure 1. Grams of collagen nitrogen per 100 g. total nitro- 
gen plotted against score for tenderness of connective tissue in 
beef steaks broiled to 61° C. (rare). 
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The method used for the determination of collagen 
in the present study depends on its insolubility in 
water and dilute alkali and on its conversion to 
gelatin when autoclaved. Collagen is generally recog- 
nized as the only protein possessing these properties. 
The solubility of some types of collagen in water and 
neutral salt solutions has been reported by Jackson 
(8). It seems possible that these types of collagen, if 
present in muscle tissue, may have been at least par- 
tially extracted in our adaptation of the method of 
Lowery et al. (10). A somewhat different approach 
will be used in subsequent studies. 


SUMMARY AND CONCLUSIONS 


The collagen nitrogen content of two muscles, 
longissimus dorsi and biceps femoris, from 26 steers 
was determined and was reported on three bases: g. 
nitrogen /100 g. of meat as weighed, g. nitrogen /100 g. 
of raw meat, and g. nitrogen/100 g. of total nitrogen. 
The muscles were analyzed raw and also after they 
had been broiled to an internal temperature of 61° C. 
Scores for tenderness of connective tissue from these 
same muscles were available from another study in 
this laboratory. 

Results reported as collagen nitrogen/100 g. of 
meat as weighed do not appear to give a satisfactory 
basis for comparison of raw and cooked meat. The 
collagen nitrogen content of cooked meat reported on 
this basis is high due to loss of moisture and fat dur- 
ing cooking. 

The collagen nitrogen content was considerably 
lower in raw and broiled longissimus, than in the cor- 
responding raw or broiled biceps. Meat broiled rare 
from both muscles contained significantly less col- 
lagen nitrogen than the corresponding raw meat. The 
loss of about 25% of the collagen nitrogen during 
broiling indicates that some of the collagen was 
changed to gelatin. 

The collagen nitrogen content was higher and the 
scores for tenderness of connective tissue were lower 


in biceps femoris than in longissimus dorsi, The data 
suggest an association between a chemical entity, col- 
lagen, as determined by collagen nitrogen in this 
study, and the ability of judges to score for tender- 
ness or toughness of connective tissue. 
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Longitudinal Temperature Distribution in a 


Scraped - Surface Heat Exchanger~* 


(Manuscript received May 21, 1959) 


Is THE MARTIN ASEPTIC canning 
system the food is heated to the processing tem- 
perature, held in a holding tube, and then cooled in 
another heat exchanger. The lethality to bacteria 
contributed by the holding ‘time at process tempera- 
ture may be computed using well established methods 
(1). The lethal effects accumulated during heating 
and cooling, (the effects of the latter are frequently 
neglected and considered to be a factor of safety), are 
more difficult to compute since the temperature dis- 
tributions are uncertain and frequently diffieult to 
determine experimentally. 

Jakob (7), following Hausen’s (5) procedure and 
utilizing the assumptions of the logarithmic mean 
temperature concept, derived the temperature distri- 
butions for countercurrent and parallel flow of liquids. 
The temperature distribution for parallel flow may be 
written using the Grober (4) function as modified by 
Martinelli and co-workers (8). The distribution be- 
comes linear when the heat flux is uniform and log- 
arithmic when one of the fluids is maintained at a con- 
stant temperature. Although heat transfer in seraped- 
surface heat exchangers has been investigated (2, 6, 
9), the validity of these assmptions and in particular 
the assumption of a constant over-all heat transfer co- 
efficient have not been shown. For this reason a heat 
exchangur was instrumented when a processing system 
using scraped-surface heat exchangers was constructed 
at this Laboratory. Reported here are the results of a 
study of the effects of flow rates, mutator speeds and 
temperature rises on the temperature distribution of 
water in a steam heated, laboratory model, scraped- 
surface heat exchanger. 


EXPERIMENTAL 


The instrumented heater is shown in relation to the process 
ing system by the flow diagram, Figure 1. Sectional views of 
the instrumented heater are shown in Figure 2. 

The laboratory model, scraped-surface heater had a 3 in. ID, 
1 in, thick x 12 in. long heating tube, a helical spiral jacket 
for use with steam or water and a 2.25 in. OD special mutator 
shaft. Two 115% in. cutaway fiber blades were mounted on the 
mutator. 


" Presented at the Nineteenth Annual Meeting of the Insti 
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Figure 1. Schematic flow diagram. Key: (A) Supple kettle, 
(B) mixer, (C) positive displacement pumps, (D) & (L) three- 
way valves, (E) scraped-surface heater, (F) insulated holding 
tube, (G) scraped-surface cooler, (H) back-pressure valve, (J) 
air ballast tank, (K) single-stage pressure regulators, (M) weigh 
tank, (P) pressure gages. The designation of the pressure and 
temperature recorder, controllers and recorder-controliers follows 
Instrument Society of American Tentative Recommended Prac- 
tice, ISA HP5S.1. 


FRONT HEAD © MECHANICAL SHAFT SEAL 
ream 


HEXAGONAL PIPE 


“A \ ANNULAR SPACE 0362 - 
BLADES TEFLON © 


Sect 


Figure 2. Sectional views of the instrumented scraped-surface 
heater. 


The bulk fluid temperature of filtered tap water, used as the 
test fluid, was measured at the inlet, outlet and at 5 points 
along the mutator. The temperatures were sensed by 24 gage, 
polyvinyl-insulated, copper-constantan thermocouples having 
varnish-coated soldered junctions and measured by an 8-point 
temperature recording potentiometer.° Thin-walled stainless 
steel thermocouple wells having % in. OD, 0.010 in, wall thick- 
ness and immersion lengths of over 8 in. were used in all 
processing streams. These wells were positioned so that the 
temperatures of the heater process streams were measured as 
the fluids entered and left the two annuli. The thermocouples 
within the product annulus were wrapped around teflon seai 
plugs. In this manner an exposure length of over 2.5 in. was 
attained. The leads were led out along the hollow mutator shaft 
through the teflon plugs sealed with an epoxy resin. 


“Model 153X67 manufactured by Minneapolis Honeywell 
Regulator Company, Philadelphia, Pennsylvania. 
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A brush block and ring assembly‘ was used to connect the 
rotating and stationary parts of the thermocouple circuit. The 
silver rings had been ‘‘electrodeposited’’ on the copper ter- 
minals which projected from the steel-cored plastic sleeve. The 
silver graphite brushes were silver-brazed to beryllium-copper 
eantilever springs. 

The connections to the brush block and ring assembly were 
made in the rotating and stationary wells of a steam heated, 
constant temperature zone like that of Tarr (10). Copper 
thermocouple wire was ised for the extension leads. Errors due 
to a temperature gradient along the assembly were thereby 
minimized, 

Calibration curves were prepared as part of an evaluation 
study, under isothermal conditions, of the effects of mutator 
speed, the temperature of the product, and the temperature of 
the constant temperature zone. The combined error did not 
exceed 2.2° F. Tarr (10), when testing rotary thermocouple 
assemblies, had observed maximum errors of 1.8° F. on the 
copper-constantan thermoelectric seale. 

The processing system was preheated by filtered water from 
the alternate water supply circuit (A), that was also used to 
supply high temperature water for sterilization and calibration 
of the apparatus. The filtered tap water used during the runs 
was preheated in the product supply kettle (A) and then 
pumped through the system. Pump speed was adjusted to give 
the desired flow against the 65 p.s.i.g. back pressure imposed 
to prevent product flashing. 

A test was not begun until the system had been operating at 
steady state conditions for over one-half hour. Check readings 
of the system pressures, temperatures, and controls were taken 
at the completion of a run. Runs were terminated when a pre- 
determined amount of water, requiring from 25 to 60 minutes, 
was collected in the weigh tank. Slippage of the positive dis- 
placement product pump at the pressures used was believed 
primarily responsible for the + 5 pounds per hour, (PPH), 
variation of the flow rate and the + 2° F. variation of the inlet 
and outlet temperature between parallel tests. 

The selection of test conditions was influenced by the future 
applications of the system: high temperature-short time proce- 
esses at outlet temperatures of up to 300° F. were desired and a 
knowledge of the temperature distribution of water would aid 
in the selection of the conditions for these processes. The steam 
temperature, (T.) of the heater was selected as the dependent 
variable. The other variables, flow rate (w); inlet temperature, 
(ti); outlet temperature (t.); and mutator speed were con- 
trolled. This study was simplified by fixing the inlet tempera- 
ture at 180° F. The following nominal values of the remaining 
variables were selected for test combinations: (1) flow rates 
of 115, 195, 290 pound per hour (p.p.h.); (2) outlet tempera- 
tures of 220, 260, 300° F.; (3) mutator speeds of 262, 347, 583, 
1082 r.p.m. The testing program consisted of one test at each 
combination of the independent process variables. In order to 
reduce the possibility of bias due to changes with time, the 
tests were divided into a series of randomized blocks and com- 
pleted by operating continuously for a three day period. The 
randomization was in the order of difficulty of control: flow 
rate, outlet temperature, mutator speed. 

Random clusters of the 8 points from each twentieth of the 
potentiometer chart record were averaged, corrected using the 
instrumentation calibrations and analyzed using two different 
graphical systems. The first graphical system was a plot of the 
product temperature as a function of length. The second 
graphical system was a semi-logarithmic plot of the ‘‘ canoni- 
eal’’ temperature, u = (T, — t)/ (T, — ts) of Ball and Olson 
(1), also as a function of length. The temperature distribution 
in thir exchanger is like that of the second special case pre- 
viousiy mentioned. 


W Cp L 


where a” = square feet of heating surface per foot of heating 
tube. 
ep = specific heat of the product. 
* Manufactured for this application by Electro-Tee Corpora- 
tion, South Hackensack, New Jersey. 
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X = distance along the heating tube. 
L = effective length of the heating tube. 
u. = ‘‘Canonical’’ temperature, u, evaluated at the 
product outlet. 
This function is unfortunately increasingly sensitive to errors 
in temperature measurement as X approaches L. 


The distance along the heating tube was chosen as the 
abscissa in order to interpret the results in terms of heat trans- 
fer phenomena. An effective heating length of 11.25 in. (0.74 
square feet of scraped surface was assumed). As in Houlton’s 
(6) and Skelland’s (9) heat transfer studies the jacket heads 
were assumed to be but half effective for heating and the space 
oceupied by the helical portion of the jacket was considered 
negligible. The inlet and outlet temperatures were positioned 
by relative volume with respect to the seraped product annulus 
in order to make inferences concerning the temperature history 
of the product. The exchanger had a measured volume of 0.024 
cubie feet and a calculated volume of 0.0175 eubie feet per inch 
of seraped length. 


In addition, the lethal value, F., in equivalent minutes at 
250° F., was determined using lethal rate paper for the experi- 
mental profiles and a modified form of the analytical equation 
12.18 of Ball and Olson (1) for an assumed logarithmic rise 
from the inlet to the outlet. 


RESULTS AND DISCUSSION 


The temperature profiles (Figure 3) illustrate the 
increased curvature which would be expected as the 
thermal demand, w ¢, (t.—t;), decreases and the 
mutator speed increases. This occurs because a lower 
steam temperature is required. 

The semi-logarithmic graphs (Figure 4) show that 
the temperature distribution is essentially linear when 
presented in this form. The experimental curves can 
be divided into 3 regions in order to consider possible 
reasons for non-linearity. 

An appreciable portion of the total temperature rise 
of the water was accomplished prior to the assumed 
start of effective heating surface, point A on the 
abscissa of Figures 3 and 4. Heat conduction along 
the heating tube and the mutator, the large exposed 
surface area, the turbulence created by the rotating 
mechanical seal together with the large temperature 
potential may all contribute to this effectiveness. 

The scraping action of the mutator blades would 
be expected to reduce markedly the increase in U, 
with length which had led to Colburn’s work (3). 
Nevertheless, the change in physical properties may 
yet cause a slight increase in heating rate (an acceler- 
ating rate of reduction of the ‘‘canonical’’ tempera- 
ture, u). 

Further work is required in order to determine the 
importance of the change in slope of the semi-logarith- 
mie heating curves obscerved at low flows and moder- 
ate to high temperature rises. If the change in slope 
is caused by heat being conducted along the heat 
transfer surface and mutator, or due to condensate 
buildup in the jacket the effect will not be important 
in a well drained commercial unit if u, is large. If, 
however, the change in slope is due to a change in 
effectiveness of the scraping or mixing action due to 
viscosity changes, the phenomena may lead to over 
processing. 

Although rigorous and approximate analytical 
solutions for the temperature distributions when heat 
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for data on the complete Gaulin 
line: Homogenizers, Colloid Mills, 
Submicron Disperser, Triplex 
High Pressure Pumps and HX 
Pumps. Get GTA from your 
nearest Manton-Gaulin Repre- 
sentative... 
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TEMPERATURE DISTRIBUTION IN A HEAT EXCHANGER 
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is transferred both across and along the length of the 
heat transfer surface have been discussed by Jakob 
(7), the number of tests was insufficient to warrant 
such a comparison. Supplemental test data together 
with the literature suggest that a change in the mixing 
effectiveness was a probable cause. The steam jacket 
was believed to be free draining because neither the 
exit steam temperature nor the steam condensate was 
more than 1.5° below the inlet steam temperature, and 
the condensate head was large. The over-all heat 
transfer coefficients showed the logarithmic depend- 
ence upon mutator speed reported by Houlton (6) and 
confirmed his few observations which showed that the 
coefficient increased with higher flow rates or lower 
average temperatures. These interactions and the con- 


Figure 4. Semi-logarithmic heating curves. 


clusions of Skelland (9), who recently developed a 
provisional equation using dimensional groups for the 
scraped film coefficient of cooled Newtonian fluids, 
that flow regions comparable to the streamline, transi- 
tional and turbulent conditions of flow through con- 
duits and in conventional mixing operations may exist 
all point to a change in mixing effectiveness due to a 
change in the viscosity of the fluid. 

Although deviations from the theoretical logarith- 
mie rise have been discussed at length, the essentially 
linear character of the semi-logarithmic curves must 
not be overlooked. The authors suggest that a loga- 
rithmic temperature rise from the inlet to the outlet 
(total volume rather than an assumed effective heating 
volume) be employed in the lethality caleulations for 
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water-like materials processed in a steam heated, 
seraped-surface heat exchanger. The experimentally 
determined lethal values, F,, are compared in Table 1 
with the suggested logarithmic rise. The lethal values 
computed on this later basis are either smaller, (bac- 
teriologically safe) or well within the practical limits 
of recorder-controllers. 


TABLE 1 


Comparison of lethal values, F., determined using lethal rate 

paper for experimental profiles and the analytical relation of 

Ball and Olscn (1) for an assumed logarithmic temperature rise 
from inlet to outlet. 


Exit temp. Exp. } Assumed 
0.0072 0.0082 
0.0075 | 0.0086 
0.0080 | 0.0094 
0.0074 | 0.0083 


0.00385 0.0034 
0.0085 0.00387 
0.0038 0.0039 
0.0038 0.0040 
0.44 0.32 
| 0.34 
0.49 | 0.38 
0.43 O37 

60. 38. 

60. 39. 

67. } 42. 

71. | 41. 
0.00022 0.00021 
0.00023 0.00021 
0.00024 0.00022 
0.00026 0.00021 
0.21 0.19 
0.24 0.18 
0.26 
0.27 

28. 

35. 

37. 

39 


! 
” 
‘ 
1 
3 
4 
1 
” 
3 
4 
1 
4 
1 
3 
4 
1 
1 
3 
4 
1 
3 
4 
1 
3 
4 


* Nominal speeds (actual are 262, 347, 583, 1087 r.p.m.). 


SUMMARY AND CONCLUSIONS 


For studies of the effects of high-temperature-short 
time processing of foods, a processing system in- 
eluding an instrumented laboratory model scraped- 
surface heat exchanger was constructed. A tempera- 
ture measurement system which would easily and 
quickly determine the temperature history of any 
product processed was developed and evaluated. 

Reported here is the study of the effect of flow rates, 
mutator speeds and temperature rises, (including out- 


let temperatures of up to 300° F.), on the temperature 
profiles of water in the steam heated laboratory model 
seraped-surface heater. 

When the temperature profiles of water in a steam 
heated laboratory model secraped-surface heat ex- 
changer were compared with a theoretical logarithmic 
rise, assuming the jacket heads to be but half effective, 
an apparently-rapid reduction in the canonical tem- 
perature, u, was observed. The logarithm of the 
canonical temperature, u, was then essentially linear 
with length. Further work is required, however, be- 
cause two non-linear trends were observed. 

The authors suggest, therefore, that a logarithmic 
temperature rise from inlet to outlet using the total 
time in the exchanger be employed in lethality calcu- 
lations for water-like materials processed in a steam 
heated, scraped-surface heat exchanger. The lethal 
values computed on this latter basis are either smaller, 
(bacteriologically safe) or well within the practical 
limits of recorder-controllers. 
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Conn, AS WE USUALLY think of it, 
is primarily a feed and food grain. During recent 
years more and more attention is being given to the 
development of new types of corn specifically adapted 
to industrial utilization. These corns are of indus- 
trial interest because of differences in the major con- 
stituent, starch, which comprises about 70% of the dry 
weight of the grain. The molecular makeup of the 
starch can be varied through genetic control, thereby 
providing a variation in starch properties. Corn 
starches containing a high level of the amylose com- 
ponent represent the most recent advance in this area. 
The present review of the current status of high- 
amylose corn is essentially a progress report. Some 
indications of possible uses for high-amylose starch 
are given, and those uses related to the field of food 
technology are emphasized. 


WHAT IS AMYLOSE? 


The starch granule in ordinary corn contains two 
types of molecules—amylose and amylopectin, de- 
picted in Figure 1. Ordinary corn starch contains 


Amylose 
(Linear) 


Amylopectia 


(Branched, 


Anhydroglecose unit 


Figure 1. Diagram of the molecular structure of amylose 
and amylopectin. 


about 27% amylose and 73% amylopectin. Both amy- 
lose and amylopectin are high molecular weight poly- 
mers made up of units of p-glucose or dextrose repre- 
sented by the squares in the figure. Amylose is essen- 
tially a linear molecule consisting of around 1,000 
glucose units. Amylopectin is a branched molecule 
considerably larger in size. It may contain 40,000 or 


* Presented at the Nineteenth Annual Meeting of the Insti 
tute of Food Technologists, Philadelphia, Pa., May 18, 1959. 
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more glucose units. One way to separate these two 
components of corn starch is by forming an insoluble ~ 
complex of the amylose in a starch paste with organic 
compounds such as butanol. The studies of amylose 
isolated in this manner have provided a basis for 
anticipating properties of high-amylose starch and 
have encouraged the search for high-amylose corn. 


PROPERTIES OF AMYLOSE 


One of the charaeteristie differences between amylose and 
amylopectin is shown by the solution properties demonstrated 
in Figure 2. Amylose is a gel-former, whereas amylopectin 
solutions remain fluid. The isolated amylose-butanol complex 
will readily dissolve in hot water containing butanol. In this 
way amylose solutions of 10 to 20% concentration can be pre- 
pared and are stable above 60° C. even when the butanol is 
removed. However, on cooling below 60°C, a rigid gel is 
formed, Gel formation by amylose is a result of its linear 
molecular structure. The molecules are able to aggregate or 
associate to form the continuous network of a gel structure. 
If the solution is too dilute, an insoluble precipitate is formed 
instead of a gel. This phenomenon is frequently referred to as 
retrogradation and results from aggregation of the molecules 
into particles large enough to precipitate. Both the gel and 
the precipitate are very difficult to redissolve in water, again 
indicating the effect of strong lateral interaction between 
adjacent molecules or portions thereof. 

Amylose, in common with many other polymers having linear 
molecular structure, is able to form self-supporting films as 
seen in Figure 3. This characteristic of film formation is one 
reason for the interest in developing high-amylose corn. The 
mechanical properties of amylose films, except for wet strength, 
fall within the range of common plastic films such as cello- 
phane. Thus, Welff and coworkers (8) showed that dry, un- 
oriented films of amylose have a tensile strength of about 
10,000 p.s.i. and an average elongation at break of 13%. Flexi- 
bility of unplasticized amylose films about 1 mil thick was good, 
falling in the region of a thousand double folds on the Schop- 
per endurance tester. The permeability of amylose films to 
water vapor, organic vapors, and common gases was similar to 
that of cellophane (4). 

Further encouragement for considering amylose as an indus- 
trial raw material was provided by studies of chemical deriva- 
tives of amylose, particularly the esters (9). Various triesters of 
amylose, including the acetate, propionate, butyrate, caproate, 
and palmitate, were found to be thermoplastic products and 
could be molded at moderate temperature and pressure to form 
clear plastic products. Films which were also clear and trans- 
parent were prepared from these triesters. In general, the films 
were similar in properties to the corresponding cellulose triester 
films, although the amylose triesters gave somewhat lower ten- 
sile strength. The formation of a lacquer-type protective 
coating by amylose acetate was also demonstrated. In these 
tests tin plates or glass tubes were coated with solutions of 
amylose acetate, and the resistance of the dried film coating 
was determined for various solvents, Satisfactory resistance to 
water, alkali, and accelerated weathering was observed, Al- 
though the amylose acetate lacquer tended to peel from the 
eoated surface, further study might well disclose methods of 
overcoming this weakness—for example, by the addition of 
various resins, inert pigments, or other materials. The proper- 
ties of several mixed triesters of amylose also were determined 
(10) and shown to provide a wider range of solubility and 
improved molding characteristics. 
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Figure 2. Solution properties of amylose and amylopectin: amylose gel (left) and amylopectin solution (right). 


DEVELOPMENT OF HIGH-AMYLOSE CORN 


Thus, amylose has potential interest as an industrial raw 
material; however, ordinary corn starch contains only 27% 
amylose. This led, then, to a consideration of the possibility 
of breeding corn with starch consisting largely of amylose. The 
major steps thus far in the genetic development of high- 
amylose corn of field type are indicated in Table 1. 

Two genetically different types of corn were known at the 
time that the search for high-amylose starch began about 1945. 
These were ordinary corn, having about 27% amylose, and 
waxy maize, whose starch contains no amylose (4). Waxy 
maize starch has since attained a recognized place as a specialty 
starch for both food and industrial applications. There was no 
evidence at that time indicating that starch could have levels of 
amylose much above that in ordinary corn starch, although one 
sample having 35% amylose was found in 1945, 

A sereening program was initiated at the Northern Labora- 
tory that involved determining amylose content of starches 
from hundreds of samples of corn, wheat, sorghum, as well as 
other cereal grains and plant sources of stareh. The first 


Figure 3. Amylose film being removed from plate on which 
it was cast. 


TABLE 1 
Genetic variation of starch in field-type corns 


Amylose 
9 

Ordinary corn 2 

Waxy maize 0 


Smooth-seeded peas 35 
Wrinkle-seeded peas 60-70 
High-amylose corn 
Semicommercial in 1958-59 50-60 
Breeding samples 80-1 


encouraging finding was in the starch from peas (3). Ordi- 
nary smooth-seeded peas contain starch having about 35% 
amylose (Table 1), but several varieties of wrinkle-seeded peas 
were found to contain starch with as much as 60 to 70% amy 
lose. This discovery was of little practical importance because 
the peas contain only about 45% starch and what is there is 
difficult to separate from the large quantity of protein present. 
The discovery did demonstrate the ability of plants to produce 
high-amylose starch. 

The search was continued for other sourees with particular 
emphasis on the cereal grains. In 1949 a starch containing 
36% amylose, instead of the usual 27%, was found in a sample 
of corn supplied by the Bear Hybrid Corn Company, Deeatur, 
Illinois. The quantity of starch in this corn was essentially the 
sume as that in field corn, thereby providing further encourage- 
ment for the development of a commercially suitable high 
amylose corn, The breeding of corn for high amylose content 
then was intensified with the Northern Laboratory cooperating 
with Dr. M. 8. Zuber and associates of the USDA Crops Re- 
search Division and the Missouri Agricultural Experiment 
Station, as well as with the Bear Hybrid Corn Company. The 
Northern Laboratory has provided analytical data on thousands 
of samples resulting from the breeding studies. These analyses, 
eurrently being carried out at the rate of about 15,000 a year, 
enable the breeders to eliminate unpromising material at early 
stages in their work. 

From the standpoint of corn breeding, one of the most im 
portant advances occurred in 1952 when Vineyard and Bear (6) 
reported a gene ae (for amylose extender) that inereased the 
amylose content of corn in which it appeared. An important 
step at this stage was the breeding of a hybrid corn containing 
60% starch of which 62% was amylose (2). This development 
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represented the first instance where an adequate starch content 
was combined with high enough amylose to be of industrial 
interest. Additional features of good agronomic characteristics 
and suitable yield were achieved during the next few years by 
using the ae gene. This phase culminated in the fall of 1958 in 
the harvest of approximately 10,000 bushels of corn whose 
starch had an amylose content between 50 and 60%. This corn, 
which was grown under contract for two corn wet-milling 
companies from seed produced by the Bear Hybrid Corn Com 
pany, was processed by the participating companies, 2nd the 
availability of the resulting starch in semicommercial quantities 
was just recently announced. 

Still higher levels of amylose content are, of course, being 
sought (i, 7, 11). Samples supplied by both cooperating plant 
breeders now commonly analyze over 70% amylose in the 
starch. In 1957, Dr. Zuber supplied a sample which, on the 
basis of our analysis, contained starch of slightly over 80% 
amylose. Although only one sample this high in amylose has 
been received to date, attainment of a still higher content is 
confidently expected by the cooperating breeders. In the mean 
time, attention is being given to the incorporation of the in 
creasing levels of amylose in hybrid varieties of corn with good 
ugronomie properties. Thus during the next few years we 
should witness the availability of high-amylose corns for com- 
mereial production having progressively higher levels of 
amylose in their starch. 


HOW HIGH SHOULD THE AMYLOSE CONTENT BE? 


Although the ultimate goal is 100% amylose, one might ask 
what lower levels of amylose content would be acceptable. At 
least a partial answer to this question is provided from our 
studies of the film properties of mixtures of separated amylose 
and amylopectin components of starch (8). The effect of amy- 
lopectin addition on flexibility of amylose films is shown 
graphically in Figure 4. The marked decrease in fold endur 


Effect of Amylopectin on Fold Endurance of Amylose Film 
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Figure 4. Effect of amylopectin on fold endurance of amylose 
film. Points H and O are for films prepared from whole starch 
containing 50% and 24% amylose, respectively. 


anee as the amylopectin content is increased reflects the in 
herently poor film-forming characteristics of the branched 
molecules comprising the amylopectin. While the adverse effect 
of amylopectin on other properties generally was less marked, 
the advantages of amylose over amylopectin for film production 
were apparent also in dry- and wet-tensile strength, elongation, 
and burst resistance. 

The films from two whole starches differing in amylose con- 
tent had fold endurance corresponding closely to that predicted 
from the data on amylose-amylopectin mixtures, as shown by 
points O and H on Figure 4. The data on mixtures, therefore, 
apparently can be used as a reasonable guide to predict the 
properties of starches containing higher levels of amylose than 


the 50 to 60% presently available. On the basis of Figure 4 
and the other data, we would judge that 80 to 85% amylose 
probably would give a starch having sufficiently good mechanical 
properties to make it useful as a raw material in the produe- 
tion of unsupported films. 


PROPERTIES AND POTENTIAL USES OF 
HIGH-AMYLOSE STARCHES 


Most of our work to date on high-amylose starches 
has been limited to those with amylose content in the 
range 50 to 60%. Even on these, considerable re- 
search remains to be done relative to properties and 
applications. Present results, together with studies 
made on the separated amylose component of starch, 
give some insight into properties and possible end 
uses for high-amylose corn starch. 

Resistance to gelatinization. One of the significant 
and striking differences between high-amylose starch 
and ordinary corn starch is in resistance to gelatiniza- 
tion or pasting. The resistance of high-amylose starch 
to gelatinization is demonstrated by the viscosity time- 
temperature curve for a 50% amylose starch as com- 
pared with normal corn and waxy maize starches. 
The results of pasting in the Corn Industries Research 
Foundation Viscometer at a bath temperature of 
92° C. are shown in Figure 5. The absence of a meas- 
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Figure 5. Pasting curves of waxy maize, normal corn, and 
hi-(50%) amylose corn starches in CIRF viscometer. 


urable viscosity for the high-amylose starch is a re- 
sult of its failure to swell or gelatinize. Where ease of 
gelatinization is important, as it is for some food uses, 
high-amylose starches obviously would not be inter- 
changeable with ordinary starches. Chemical treat- 
ments of high-amylose starch are being investigated 
to adapt it to industrial uses requiring increased 
solubility or dispersibility. 

The effect of amylose on paste properties is ap- 
parent in the viscosity curves for ordinary corn and 
waxy maize starches, particularly in the cooling cycle 
of Figure 5. On cooling, the paste of normal starch 
showed more increase of viscosity or setback than that 
of waxy maize starch. Without stirring, the paste of 
ordinary corn starch solidifies to a gel while that of 
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waxy maize starch remains soft and relatively fluid. 
If high-amylose starch is pasted by autoclaving at 
higher temperatures, the resultant paste shows greater 
tendency to set up to a firm gel than a paste of ordi- 
nary starch at the same concentration. 

The presence of high levels of amylose in starch can 
be expected to modify other properties advanta- 
geously. Some possible end uses for high-amylose 
starch which would depend on characteristics im- 
parted by the linear molecular amylose are listed in 
Table 2. 


TABLE 2 
Potential applications for high-amylose starch 


1. Self-supporting film 
A. Edible packaging material 
B. Crosslinked: General utility packaging 
C. Soluble: Specialty uses including packaging 


2. Paper industry 
A. Greaseproof paper 
B. Superior bonding agent 
C, Coating, sizing agent 


An edible food packaging material. For use in the 
food industry, the production of self-supporting films 
seems particularly interesting. The use of high- 
amylose starch films as an edible food packaging ma- 
terial has been suggested. An example of such an 
application would be in sausage casings where edi- 
bility and grease resistance would provide an advan- 


tageous combination of properties. 

For general application in the packaging field the 
wet strength of amylose films would have to be in- 
creased, A number of chemical cross-linking reactions 
are available for this type of modification and studies 
are in progress in this area. In the other direction, 
readily soluble films can be visualized as a result of 
chemical modification or derivatization. Such films 
would have potential value in packaging of prescribed 
quantities of food ingredients or mixes, as well as 
other products. In this case the entire package might 
be put in water and the encasing film dissolved away 
to liberate the contents. 

Grease resistant coating for paper. Several applica- 
tions of high-amylose starch in the paper industry 
appear possible. Grease resistance might be conferred 
upon paper by applying a continuous amylose coating 
or surface size to the paper. Such grease-resistant 
paper undoubtedly would find uses in the food pack- 
aging field, as well as in other outlets. Other uses 
might be as a bonding agent for paper fibers and as a 
coating or sizing agent. In such uses advantage would 
be taken both of the inherent characteristics of the 
linear molecules and also the chemical similarity be- 
tween amylose and cellulose. 

This list of possible applications for high-amylose 
starch could be extended to considerable length, 
particularly if applications unrelated to the food 
industry were included, along with uses of chemical 
derivatives and modifications. However, even in the 
uses listed in Table 2 much research remains to be 
done. For example, some of the remaining problems 


in the use of high-amylose starch for films are listed 
in Table 3. While we have made films from high- 


TABLE 3 
Problems remaining for high-amylose starch film 


1. Development of practical processes for film production 
2. Discovery of better plasticizers 
3. Improvement of wet-strength of films 


amylose starch and from amylose in the laboratory, 
processes must be developed which are more suitable 
for commercial production. If improved flexibility, 
greater ultimate elongation, or softer ‘‘feel’’ are 
desired in the film, plasticizers must be used. Glycerol 
was found to have some effectiveness (8), but better 
plasticizers are needed. Finally, the amylose films 
were very low in wet strongth, in contrast to their 
good dry strength. Research on this problem is in 
progress. 

It should be apparent from this review that we are 
only on the threshold of the development and commer- 
cial exploitation of high-amylose starches. Much of 
the research that remains to be done must await the 
availability of starches having amylose contents in the 
region of 80% and above. Meanwhile, we shall con- 
tinue to increase our knowledge about the properties 
and potential uses of starch containing 50 to 60% 
amylose. In addition, further studies on amylose iso- 
lated from ordinary corn starch can provide some 
foundation for work with other high-amylose starches 
as they become available. As these developments 
progress, we undoubtedly shall find that the high- 
amylose corns provide a crop which can be tailored 
through the cooperative work of plant breeders and 
chemists to meet specific industrial needs, not only in 
the food industry but in many other branches of our 
industrial economy. 
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even texture, show excellent volume, 
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power during normal shelf life and 
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THE PACKAGING ENGINEER 


When packaging developments need the broad approach 


Continental customers get them first 


The packaging engineer at Continental’s Meta! Division 
Research and Development Center is a highly trained 
scientist. His years of contact with many technical 
disciplines enable him to take a broad scientific 
approach to the practical problems of the canner. 
Given any product, the packaging engineer estab- 
lishes its technical packaging requirements and the 
factor of cost. He directs any problems of container 
materials, structures, or unusual product requirements 
and process characteristics to appropriate teams of 
chemists, metallurgists, engineers, physicists or other 
scientists for development work. Finally, he evaluates 
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the findings of these teams, weighing them against the 
customer’s requirements. Thus the packaging engineer 
is both the first and last man to handle a packaging 
assignment. 

In his work as packer’s representative, the packaging 
engineer utilizes his broad knowledge of product and 
process technology, package design and manufacturing 
methods, as well as his past acquaintance with the 
customer’s special needs. 

As a Continental customer, you can be sure that the 
best in scientific manpower, facilities and equipment 
are always working in your behalf. 


Eastern Division: 100 East 42nd St., New York 17 
Central Division: 135 S, LaSalle St., Chicago 3 
Pacific Division: Russ Building, Son Francisco 4 
Canadien Division: 790 Bay St., Toronto 1, Ont. 
Cuban Office: Apartado 1709 , Havana, Cuba 
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Effects of Curing Temperature on Gas Permeability and 
Moisture Equilibration of Stored Peanuts’ 


(Manuscript received May 23, 1959) 


Unevetisnen STUDIES on the in- 
fluence of curing on peanut quality at this laboratory 
have shown that one or more uncontrolled variables 
are involved. One such variable could be the oceur- 
rence of differences in gas-permeability of the outer 
layers of peanuts as a result of variations in curing 
treatments. Such differences would not be unexpected 
since it has long been realized that rapid, high-tem- 
perature drying of. certain fruits, such as pears and 
peaches, produces a ‘‘case-hardening’’ of the surface 
which drastically retards the escape of moisture from 
within the tissue (2). This study was therefore initi- 
ated to determine whether such case hardening oc- 
curs in peanuts as determined by gas permeability 
and moisture equilibration measurements. 


MATERIALS AND METHODS 


Description of peanuts used. These studies were conducted 
largely on Virginia Bunch 67 and Dixie Spanish peanuts (3) 
harvested in 1956 and 1957 and dried in the shell at tempera 
tures ranging from room (about 25°C.) to 82° C. (180° F.). 
The hand-shelled peanuts were then stored at 4.5 to 6.5% 
moisture in sealed containers at 1° C. until used. Confirmatory 
studies were made on several 1958 samples when they became 
available. 

Measurement of gas absorption by evacuated peanuts. Fifty- 
gram samples of peanuts were placed in 125-ml. respirometer 
flasks; or, when this amount of material was not available, 
five-gram samples were placed in 12-ml. respirometer flasks. 
The flasks were evacuated in a desiccator over caleium chlo- 
ride to a pressure of 1 mm. of mereury and held for 2 to 5 
days. When the vacuum was released, the flasks were at- 
tached to Warburg constant volume manometers and immersed 
in a water bath held at 25° C. Manometer readings were taken 
several times during the first hour and then at increasingly 
longer intervals for a period of 24 to 48 hours. The gas 
absorption was calculated by standard manometric methods. 

"Paper No. 359, Journal Series, Georgia Experiment Sta- 
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Measurement of gas escape from peanuts. Fifty-gram samples 
of peanuts were stored in desiccators over anhydrous caleium 
chloride for a week or longer. They were then weighed and 
placed into 125-ml. filtration flasks. Each flask was fitted with 
a rubber stopper containing a capillary tube 80 em, in length. 
The entire stopper was covered with petroleum jelly to pre- 
vent microscopic leaks. The sample flask was inverted and 
clamped to a stand with the lower end of the capillary im- 
mersed in a pool of mereury. 

Each flask was evacuated individually for 15 seconds by a 
high vacuum pump. The initial mereury level was promptly 
read on a seale attached to the eapillary. Readings were 
taken several times during the first hour and then at increas- 
ingly longer intervals for a period of at least a week to obtain 
a final steady reading which assured the absence of leaks. 
Room temperature and barometric pressure were recorded at 
each reading, and the gas escape from the peanuts was then 
ealeulated by routine methods. This technique was not as 
precise as the one used for the absorption measurements, but 
it provided an adequate comparison of the rates of gas move- 
ment into and out of the peanuts. 

Measurement of hygroscopic equilibrium of peanuts. Fifty- 
gram samples of Virginia Bunch 67 peanuts cured in 1956 at 
room temperature and at 82° C. were placed in nylon bags.” 
The samples were equilibrated over saturated lithium chloride 
solution, 12.3% relative humidity, (4) in a room held at 
21.1°C, (70° F.). After the samples had attained constant 
weight at this humidity, they were exposed to constantly 
circulating air at 65% relative humidity. Moisture uptake 
was measured by determining the weight increase every two 
hours at first and then at increasingly longer intervals as the 
moisture uptake slowed. 


RESULTS 


Initial studies revealed a substantial and prolonged absorp- 
tion of gases by peanuts which were evacuated previously. 
Further studies showed that the skins did not significantly 
affect this rate of gas absorption. Rates of gas absorption 
were then measured on Virginia Bunch 67 peanuts which had 
been cured at several temperatures. Table 1 shows the strik- 
ing correlation found between curing temperature and rate of 
gas absorption. 
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TABLE 1 


Gas absorption by 1956 Virginia Bunch peanuts cured at various 
temperatures (pre-evacuated for 46 hours) 


| 


Curing temperatures Period 
CC) 


1-9 min, | 9-30 min. | 30-60 min. | 


Room (about 25)......... 46 12.3 
: 10.6 
10.4 

2.1 


Peanuts cured at room temperature showed a very high 
initial absorption rate which dropped off rapidly as the pore 
spaces filled. Peanuts cured at 38 and 49° C. absorbed at slower 
rates initially, but the rates did not decrease as rapidly. Above 
these temperatures the initial rates were lower and yet declined 
rather rapidly. This was very likely due to incomplete removal 
of the internal gases during the 46 hours the samples were 
evacuated, Later studies were conducted on samples evacuated 
for at least 4 days. 

The above results indicated that a restrictive layer is pres- 
ent at or near the peanut surfaces and that it is affeeted by 
curing temperature. Therefore, peanuts cured at 82°C, were 
skinned and broken into halves or small pieces. A portion of 
the halves were seraped or abraded to destroy any restrictive 
layer. Figure 1 shows that abrading the surfaces or breaking 
up the peanuts did greatly inerease the gas absorption rates, 
thus confirming the presence of a gas-restrictive layer. The 
unabraded halves showed an initial absorption rate which was 
more rapid than expected. This was probably due to partial 
bypassing and abrading of the restrictive layer by handling 
and halving. 

Rates of gus escape were determined on several samples in 
order to obtain additional evidence of the presence of this 
layer. The rates of gas eseape were also found to be inversely 
correlated to the curing temperature. Figure 2 illustrates this 
relationship. Gas evolution from peanuts cured at high tem- 
perature continued for about 3 weeks due to the low rate of 
escape. When gus evacuation was finally complete, the effective 
gas-oceupied pore space was 5-6% of the total volume for 
peanuts cured at room temperature and at 82°C. Therefore, 
the curing temperature did not appreciably affect the total 
volume of pores. 

Studies on evacuated Dixie Spanish peanuts from the 1956 
and 1957 crops again revealed the slower gas absorption by 


GAS ABSORPTION (Cc. /Kg.) 


| Pieces 
2 Halves, surface abraded 
Halves, unabreded 


Starting time: 4 minutes 
j 
50 


Figure 1. Effect of bypassing the retarding layer on gas 
absorption of Virginia Bunch 67 peanuts cured at 82° C. (pre- 
evacuated for 100 hours.) 


CURING TEMPERATURE 


| Room (about 25 <.) 
2 82%. 


GAS ESCAPE (Cc. /Kg.) 


10 30 
HOURS 
Figure 2. Effect of curing temperature on gas escape from 
1956 Virginia Bunch 67 peanuts. 


GAS ABSORPTION (Cc. /Kg.) 
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20 
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Figure 3. Effect of roasting on gas absorption by 1956 Dixie 
Spanish peanuts. (Pre-evacuated for 96 to 108 hours.) 


peanuts eured at high temperatures, as can be seen from 
Figure 3. 

Samples of the 1956 crop of Dixie Spanish peanuts were 
heavily roasted (165° C. for 45 minutes) immediately before 
evacuation to determine whether roasting changed the gas- 
permeability of the layer. Figure 3 shows that this layer was 
still present after roasting. The initial gas absorption rates 
were nearly identical for raw and roasted peanuts, but the 
roasted peanuts cured at low temperature continued to absorb 
gases rapidly for a longer time. This continued absorption 
may be a result of inereased pore space due to the loss of 
water and other substances during roasting or of oxidation 
of reactive substances produced during roasting. 


Microscopie examination of cotyledon surfaces stained with 
aqueous Gentian Violet showed no clear-cut differences between 
peanuts cured at high and at low temperature. The epidermal 
stomata of the cotyledons appeared to be closed in all samples 
examined, Greatly reduced intercellular spaces were some 
times observed in the epidermis of peanuts cured at high 
temperatures, but this was not always so. 


Effect of curing temperatures on moisture absorption. The 
rates of equilibration in controlled humidity air were un- 
affected by the previous curing treatment (Table 2). This 
unexpected result was obtained when room temperature and 
82°C. eured peanuts previously equilibrated at 12.3% rela 


— 
66% 
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| 
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re 2 38°C, Raw 
Starting Time: 8-10 minutes 71°C, Roasted 
& 71°C, Raw 
10 30 4O 50 
2 
; 
2 
HOURS 
we 


TABLE 2 


Rate of moisture equilibration by 1956 Virginia Bunch peanuts 
cured at room temperature and at 82° C. 


| Moisture absorbed, % of total 


Time Cured at room Cured at 

| temperature 82° C. 

2 hours.... 10.7 11.6 
4 hours. 17.6 18.7 
24.5 27.7 
23 hours.. 51.4 52.8 
2 days.. 72.6 72.7 
3 days.. 81.9 79.0 
5 days.. 92.0 90.6 
8 days..... debecnedesiieiwenndinnie | 95.9 96.7 
‘ | 98.8 99.7 


tive humidity were exposed to air at 65% relative humidity. 
The peanuts cured at 82° C. did absorb moisture at a slower 
absolute rate, but their final moisture content was also lower 
(5.1% vs. 5.8%). These results were later confirmed with 
other peanut samples. 

Drying rates at 110° C. were also little affected by previous 
curing temperatures. The last fraction of a pereent of weight 
loss did oceur more slowly in the peanuts eured at high 
temperature, 


DISCUSSION 


Reduced gas-permeability in peanut kernels was 
found to be correlated with high curing temperature. 
This reduced gas-permeability appears to be the re- 
sult of a layer at or near the surface of the peanut 
cotyledon which becomes decreasingly permeable to 
gases as the curing temperature is increased. Al- 
though this layer greatly reduces gas-permeability, 
it apparently has surprisingly little effect on the rate 
at which moisture is absorbed or lost by the peanut 
kernel. This layer, therefore, does not have the char- 
acteristics of the case-hardened layer which is induced 
in certain fruits by high-temperature drying (2). 
Rather it resembles a semipermeable membrane in 
that it only retards the passage of certain gases. 
The stabilizing effects of this natural semipermeable 
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layer have not yet been determined, but the success 
obtained with synthetic surface coatings (1) offers 
some hope that this natural layer may be used to ad- 
vantage in reducing deterioration. 

It is hoped that further studies will determine the 
effects of this layer on peanut stability and likewise 
determine what other treatments may affect the de- 
velopment of this semipermeable layer. 


SUMMARY 


Peanuts were shown to exchange gases at rates in- 
versely related to the temperature at which they were 
cured. The retarded gas exchange was due to the 
presence of a semipermeable layer at or near the sur- 
faces of the peanut cotyledons. The layer did not 
appreciably affect the rate of moisture equilibration, 
but peanuts cured at high temperature did have lower 
equilibrium moisture contents than those cured at 
room temperature. Roasting had little or no effect 
on the permeability of this layer to gases. 
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Notes and Lette 


Military - Industrial Liaison 


A Recapitulation of Its Values in Improving 


Rations and Containers 


FIREPOWER—Missiles, 
atomic bombs, and all the fantastic hardware devel- 
oped in the last ten or fifteen years—tends to over- 
shadow a very basic fact. Warfare tomorrow will be 
conducted by highly industrialized nations. Not for 
any personal reasons, but because | feel it urgently 
important, I would like to illustrate the importance 
of military-industrial liaison in wartime by a few 
observations on what was accomplished through the 
joint efforts of the military and the U.S. food industry 
in researching, developing, manufacturing, and dis- 
tributing the rations of World War II. It was my 
privilege to be closely associated with this effort. 


PUTTING A NEW RATION SYSTEM 
ON A WAR FOOTING 


When the Subsistence Research and Development 
Laboratory, predecessor of the Quartermaster Food 
and Container institute for the Armed Forces, Chi- 
cago, came into being in 1939, it quickly became evi- 
dent to my small staff and me, that whether we liked 
it or not a part of our assigned task was to put Army 
rations—a whole new system of rations—on a war 
footing. Our immediate task was developing a food 
and packaging research and development facility cap- 
able of systematizing and improving the largely obso- 
lescent and certainly inadequate ration system that 
existed. But research and development problems were 
not the only problems we had to keep in mind. We 
had to ascertain if we could, and to make some shrewd 
guesses if we could not, as to the time and the place 
and the forces who would be using World War II 
rations. It was evident, even before the U.S. entered 
the war, that this was to be a different kind of war— 
far more mechanized than World War I and with a 
third dimension, air-power, added to the picture. 

It was also evident that the industries—in our case 
the food and packaging industries—would be full 
partners in the effort. 5 

You cannot enter a war and then decide to revolu- 
tionize an industry in order to make it more respon- 
sive to military needs. During a war you make as 
few changes in the middle of the stream as possible. 
You learn how to use the industrial plants that you 
have, not to re-design them. You work with the 
veteran leaders of industry who have developed a 
great deal of sagacity in the manufacturing and 
distribution of food. 

It was reassuring that our laboratory was located 
in Chicago. A few blocks away were the Union Stock 


Yards and the plants of Armour, Swift, Libby, and 
Cudahy. Outside our windows to the south were the 
spurlines that bore the packing house products out 
to the consumers. A few blocks to the east was a 
branch establishment of the Continental Can Co. 
The American Can Co. had a plant west of us. With- 
in easy range were spice companies, coffee manu- 
facturers, the Fulton Street markets, refrigeration 
companies, yeast companies, the Short Milling Co.— 
even a brewery. 

We in the United States, because we hate war, 
have never located our industries and transportation 
systems in aceordance with strategic military plan- 
ning as was done in Germany to some extent before 
World War II and, more recently, in Russia. There- 
fore, to have our laboratory, which became during 
World War II an information and liaison center 
for the food and packaging industries, in Chicago was 
an undisguised blessing. We could not have handled 
the ‘‘crash’’ problems that poured in on us during 
the war without having at our elbow for immediate 
consultation the food experts available at the Union 
Stock Yards, the can companies, the canning com- 
panies, and the food plants, large and small, that 
stud the Chicago area and the Midwest. It is worth 
mentioning, in this regard, that two-thirds of lend- 
lease supplies delivered to our allies, flowed from the 
Chicago Quartermaster Depot, where we were located. 


BUILDING AN EFFECTIVE 
MILITARY-INDUSTRY LIAISON 


How do you go about building an effective liaison 
with industry during an emergency? There is never 
any question as to the patriotic desire of industry to 
cooperate, but there is a world of difference between 
desire and action. In tackling our problems—design- 
ing, developing, and getting into volume production 
the kind of rations required for a new kind of war— 
one of our very first objectives, even before we got 
into World War II, was to get across to the food 
industries the nature and scope of the over-all prob- 
lem. Through letters, conferences in our laboratory 
experimental kitchen, talks before industrial groups— 
we made it known that this would be a new and 
different kind of war and that it would be necessary 
to probe deeply into the requirements underlying 
the use of rations in completely new combat and 
combat-related situations. It was not too well recog- 
nized prior to World War II that storage, transpor- 
tation, and issue would be far more complicated, that 
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the preparation and consumption of food would take 
place in all kinds of strange places, that new equip- 
ment, specifications, manufacturing techniques, would 
be involved, and that the volume of food going to 
the Armed Forces would exceed anything known 
before. Should another war come, however, the prob- 
lems will be even greater. 

In these preliminary efforts to develop interest in 
military problems we met with virtually complete 
cooperation from the industries—the few instances 
of disinterest being due to a certain reluctance to 
face the fact that ‘‘a war was going to be on.’’ 

But the war came, and our job was quickly in- 
creased to a size far beyond what we had forecast. 
In fact, we began receiving, almost at once, very 
specific requests—requests for rations to meet the 
variables of climate (the sub-Arctic, the desert), of 
terrain (mountains, jungles, ete.) and types of opera- 
tion (paratroop drops, beachhead landings, ete.). 
Hindsight tells us that we should have broadened the 
field utility of some of these rations, but who would 
know that the K-ration with a calorie value of 2700, 
designed for a maximum use of five days, would be 
issued interchangeably with C-ration without regard 
for time? But as time went on, the shake-down testing 
of actual combat gave us a more accurately adjusted 
view of the requirements and before the war closed 
the general principles of feeding men for a war of 
the type of World War II were clear. In the main 
the rations developed and supplied the troops during 
World War II fuifilled their purposes. But I must 
emphasize again that our basic principle was working 
with the food and packaging industries as partners. 


WHY IS MILITARY-INDUSTRY COORDINATION 
OF SUCH IMPORTANCE? 


A brief answer to this question, based on the ex- 
perience of World War II may be useful to have on 
record. As my many associates, military and civilian, 
who were engaged in food research and development 
in World War II will agree, there was virtually no 
aspect of military foods and feeding that did not de- 
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mand our joint attention. In general, however, the 
areas that demanded closest coordination with in- 
dustry were three (1) the adaptability of foods and 
packaging to specific military operations, (2) the 
stability of foods and packaging under extremes of 
climate and military types of handling and storage, 
(3) the eating quality of foods. It is gratifying that 
these three areas—in terms of a possible future con- 
fliect—were covered at a two-day conference last Sep- 
tember, held at the Stockyard Inn. The Proceedings 
of this conference are available in limited quantity 
at my office. 

Adjusting foods and packaging to ‘‘military life’ 
is more difficult in many ways than adjusting raw 
recruits to military ways of doing things. To do so 
requires a knowledge of the performance capatity 
of soldiers under stress, how ration systems fit into 
military operation systems, the potentials of the food 
and packaging industries for meeting the often exact- 
ing requirements of packaged rations—and a con- 
stant, day-after-day attention to the chemical, micro- 
biological, physical, and psychological aspects of food. 
This is a large order as the outstanding group of 
men and women who made up my staff, and I myself, 
found out. It takes organization, it takes patience, 
it takes a stable program well supported by higher 
echelons to do the job. All of these things we had 
in World War Il—and all of these things we shall 
need if another holocaust descends on us. 

In coneluding, I would like to pay tribute to the able 
and dedicated people, military and civilian, who made 
up the SRDL of World War Il. Not only did they 
advance the science and technology of rations and 
packaging but they also helped to create the under- 
standing and ready communication among military, 
industry, and institutional groups that is being per- 
petuated today at the Quartermaster Food and Con- 
tainer Institute for the Armed Forces. 
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Curoaao, No. 1: Chairman, G. W. Beach. Secretary, Penry P. Furgal, 
Armour & Oo., Research Div., U. 8S. Yards, Chicago 9, Ill. Counci- 
lors, G. W. Beach, L. G. Buettner, J. W. Evans, J. W. Hanley, J. M. 
Jackson, E. W. Nordlinger, H. E. Robinson, R. D. Trelease. 


CaLirorniA, No. 2: Chairman, B. A. Filice. Secretary, 
Dave Eolkin, Gerber Products Co., 9401 San Leandro St., Oakland 
8, Oalif. Councilors, B. Grossi, J. H. Kilbuck, ©. Smith, C. T. 
Townsend. 

Norrueast, No. 3: Chairman, E. E. Anderson. Secretary, Earl P. Me 
Fee, Gortons’ of Gloucester, Gloucester, Mass. Councilors, J. F. Caul 


Sournern Catrrornta, No. 4: Chairman, H. M. Espoy. Secretary, 
Robert McGrath, Chas. Pfizer & Co. Inc., 482 Loma Vista Ave., Los 
Angeles, Calif. Councilors, C. G. Beisel, E. B. Oberg, L. B. Rockland. 


Sr. Louis, No. 5: Chairman, M. I. Wegner. Secre‘ary, Albert ©. 
Roland, Roland Industries, Inc., 3517 Gratiot St., St. Louis 3, Mo. 
Councilor, L. J, Ahlberg. 


New York, No. 6: Chairman, R. E. Morse. Secretary, Norman H 
Isuter, General Foods Research Center, 555 S. Broadway, Tarry 
town, N. Y. Councilors, A. Astrack, H. A. Campbell, J. K. Krum, 
R. E. Morse, J. H. Nair, ©. Skovholt, E. F. Stier, A. 8S. Wendt. 


Forma, No. 7: Chairman, J. W. McAllister. Secretary, Howard D. 
Todd, Florida Citrus Canners Coop., Box 1111, Lake Wales, Fla. 
Councilor, C. W. DuBois. 


WestTern New York, No. 8: Chairman, T. G. Tolman. Secretary, 
Claude W. Bice, The R. T. French Company, 1 Mustard St., 
Rochester, N. Y. Councilor, F. A. Lee. 


Great Lakes, No. 9: Chairman: J. A. Adams. Secretary, Mary Morr, 
Michigan State Univ.. Home Economics Bldg., East Lansing, Mich 
Councilor, F. J. Erickson 


PuItLADELPHIA, No. 10: Chairman, R. L. Mailan. Secretary, Robert K 
Lawhorn, Abbott's Dairies Inc., 238 Lombard St., Philadelphia 47, 
Pa. Councilor, E. F. Kohman. 


MARYLAND, No. 11: Chairman, I. I. Cohen. Secretary, Warren Ander 
son, Hanover Canning Co., Hanover, Pa. Councilor, C. A. Greenleaf 


Pvuaer Sounp, No. 12: Chairman, E. R. Wolford. Secretary, John J. 
Simon, Nalley’s, Inc., 3410 8S. Lawrence, Tacoma 1, Wash. Coun- 
cilor, G. 1. Jones. 


Ames, No. 18: Chairman, ©. A. Iverson. Secretas’. Frances Carlin, 
Food Processing Building, lowa State College, Ames, Iowa. Counci- 
lor, W. H. Montgomery. 


Monawk VALLey, No. 14: Chairman, H. C. Strecker. Secretary, H. 
Charles Nixon, Beech-Nut Life Savers, Inc., Canajoharie, N. Y. 
Corr. Secy., Dorothy Van Schaick, Beech-Nut Life Savers, Inc., 
Canajoharie, N. Y. Councilor, T. F. Irmiter. 


Onro VaLuLey, No. 15: Chairman, R. F. Robinson. Secretary, Wilbur A. 
Gould, Ohio State Univ., Hort. Dept., Columbus, Ohio. Councilor, 
H. D. Brown. 


OreGon, No. 16: Chairman, K. E. Cain. Secretary, Roy E. Moser, Dept 
of Food & Dairy Tech., Oregon State College, Corvallis, Oregon 
Councilor, H. W. Schultz. 

Drxte, No. 17: Chairman, C. Cyril Lovvorn. Secretary, Angus J. 
Shingler, Coca-Cola Company, P. O. Drawer 1734, Atlanta, Ga. 
Councilor, D. E. Pratt. 

Trxas, No. 18: Chairman, K. K. Keneaster. Secretary, Jeanette White, 
American Can Co., Lockwood at Clinton Dr., Houston, Tex. Coun 
cilor, E. E. Burns. 

AUSTRALIA NORTHERN, No. 19: Chairman, H. Govers. Secretary, F 
Peter Muller, W. J. Bush & Co. (Aust.) Pty. Ltd., P. O. Box 14, 
Burwood, N.S.W., Australia. Councilor, R. A. Bottomley. 

INDIANA, No. 20: Chairman, N. Tarvin. Secretary, Verna McCallum, 
Stokely-Van Camp, Inec., 941 N. Meridian, Indianapolis 6, Ind. 
Councilor, L. F. Rutledge. 

PrrrspurGH, No. 21: Chairman, A. N. Laubscher. Secretary, Guido A. 
Perfetti, U. S. Steel Corp., Applied Research Lab., Monroeville, Pa. 
Councilor, M. W. Powell, Jr. 

British No. 22: Chairman, C. Bullen. Secretary, Reginald 
Bolton, Federal Department of Fisheries, 1110 W. Georgia, Van 
couver 3, B. C., Canada. Councilor, D. R. MacGregor. 

AUSTRALIA SOUTHERN, No. 23: Chairman, L. N. Macleod. Secretary, 
Robert G. Miller, 22 Cooloongatta Road, Camberwell E 6, Victoria. 
Australia. Councilor, K. T. H. Farrer. 

AK-Sar-Ben, No. 24: Chairman, R. P. Joslin. Secretary, Harvey 8S. 
Lantz, Blue Star Foods, Inc., 1023-—4th St., Council Bluffs, Iowa. 
Councilor, W. E. Phalen. 

HawAtIaAN, No. 25: Chairman, W. B. Thomas. Secretary, Gordon L 
Pickering, California Packing Corp., P. O. Box 149, Honolulu, 
Hawaii. Councilor, G. E. Felton. 

Mexico, No. 26: Chairman, A. Carvajal H. Secretary, Emma G. Balboa, 
Oriente 107, 114 Col. Bondojito, Mexico 14, D.F., Mex. Councilor, 
J. Schwarz. 


Wisconsin, No. 27: Chairman, K. G. Weckel. Secretary, Andrew C. 
Rice, Univ. of Wisconsin, Dept. of Dairy & Food Indus., Madison 6, 
Wis. Councilor, A. O. Call. 


MINNESOTA NO. 28: Chairman, G. A. Vacha. Secretary, Shirley Tran 
tanella, Dept. of Hort., Univ. of Minnesota, Inst. of Agri., St. Paul 1, 
Minn. Councilor, J. F. Wintermantel. 

Kansas City, No. 29: Chairman, R. A. Maxwell. Secretary, H. E. 
Newlin, 7424 Village Dr., Prairie Village 15, Kans. Councilor 
O. A. Rose. 


Japan, No. 30: Chairman, T. Obara, Secretary, Masao Fujimaki, 
Tokyo Univ., Faculty of Agri. Hongo, Tokyo, Japan. Councilor, 
8. Lwadare. 


WasHinoeton, No. 31: Chairman, W. J. Hoover. Secretary, Elsie H. 
Dawson, 134 Fleetwood Terrace, Silver Spring, Md. Councilor, 
F. L. Gunderson. 

Rooky Mountain, No. 32: Chairman, R. L. Horst. Secretary, Jack 8 
Conrad, Sr., Safeway Stores, Inc., 3215 E. 42nd Ave., Denver, 
Colo. Councilor, E. H. Hungerford. 


MEMBERSHIP 


Write to nearest regional secretary if within an area covered by a regional section, or to the Executive Secretary of the Institute for an application 
form and information regarding qualifications and classifications. 
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SEASONING 


MAGNA CONCENTROLS make available 
the flavor recipes of master chefs in the 
form of carefully balanced liquid spice 
essential oils and oleoresins, obtained 
from the finest herbs and spices. Ail 
of the delicious flavor of MAGNA 
CONCENTROLS is released immediately. 
Each batch of your product is uniformly 
seasoned . . . month after month. . . 
yeor after year. 


It will be to your advantage for us to 
convert your crude spice formula into 
a MAGNA CONCENTROL. Send us a 
sample of your present seasoning and 
we will furnish you with a sufficient 
supply of the equivalent MAGNA 
CONCENTROL to season a regular size 
batch of your product, without cost or 
obligation to you. 


Since 1895 


MAGNUS, MABEE & REYNARD, Inc. 


Oile and 
Concentrated Flavors 


(Continued from page 22 preceding Technical Section ) 

Another matter of special interest reported at this 
meeting related to the experience of Dr. L. V. Burton, 
who, as a member of the Advisory committee of the 
Subsistence Research and Development Laboratory 
under Col. Isker, and as a war correspondent, was in 
Australia. Before leaving America he had asked Col. 
Isker if he could be of any special service in Australia, 
and was authorized to use his judgment in trying to 
interest food technologists there in IFT matters. 
While the results were not immediate, the final out- 
come was that interest in organizing was stimulated 
through the work of Burton and others who were in 
service in Australia, and within a few years came the 
requests for charters for regional sections in both 
northern and southern Australia. (Australia North- 
ern, No. 19 and Australia Southern, No. 23). These 
were the direct results of members of 1F'T who served 
in various capacities in that continent during the war. 

The Chicago Convention was held during May 29 
to 31, 1944. At the Council meeting on the preceding 
day the Secretary-Treasurer reported that, (a) the 
IFT membership had grown to 1363, and (b) that the 
cash balance on hand January 1, 1944 exceeded $4750. 
The Program Committee reported on the sessions to 
come, and the Committee on the Constitution outlined 
certain desirable changes which should be made as a 
result of the growth of the organization. C. O. Ball 
was elected as the Chairman of the committee to codify 
them. The Committee on Regional Sections reported 
on new sections, and presented a map showing the dis- 
tribution of the members in various parts of the coun- 
try, where other sections might be organized. The 
Committee on Education and Curricula made a com- 
prehensive report stressing the importance of the 
basic sciences in the training of food technologists. 
Finally, the Committee on Publications recommended 
a monthly journal and suggested other publications. 

The sessions of the convention itself in the following 
two days were most gratifying and were attended by 
over 700 members and guests. 

At the banquet the Appert Medal was presented to 
Charles A. Browne of the Department of Agriculture 
in recognition of his distinguished contributions to the 
chemistry of sugar, although Dr. Browne was not a 
member of the Institute. 


DR. F. C. BLANCK ELECTED PRESIDENT 


At the business meeting, after the usual reports, 
officers were elected as follows: President F. C. 
Blanck; Vice President, R. H. Lueck; Secretary- 
Treasurer, G. J. Hucker. Councillors-at-Large: H. C. 
Diehl, E. H. Harvey, R. A. Isker, R. C. Newton, E. H. 
Wiegand. R. A. Dutcher was elected to fill the 
vacancy caused by the death of L. W. Waters. 

At the final Council Meeting it was voted that the 
fiscal year of the Institute be from annual meeting to 
annual meeting rather than by the calendar year, the 
new year to begin at the final session of the conven- 
tion with the election of officers. It was also voted, 
that, when necessary, Councillors-at-Large may be 


16 Desbrosses Street, New York 13, N. Y. represented by alternates, duly elected or approved. 
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VANILLAS 

FRUIT FLAVORS 
“ENTRAPPED” FLAVORS 
FOOD COLORS 
BUTTERSCOTCHES 
CARAMEL FLAVORS 
CAKE MIX FLAVORS 
SPICE EXTRACTS 


FOOD MATERIALS CORPORATION 


Factory and Laboratories / 2621 west 48th street « Chicago 32, Illinois 
Eastern Office / 264 west 31st street * New York 1, New York 
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President Blanck was requested to re-write the see- 
tion of the Constitution defining qualifications for 
membership and what constitutes distinction in an 
allied field. In this duty, it was regarded as essential 
to maintain cooperation with the committee appoint- 
ments recommended in the report of the Committee 
on Objectives and Planning. 

When this convention ended it was clear to all that 
IFT was rapidly growing in usefulness and was 
assuming a significant place in the ranks of profes- 
sional societies of the country. 

The first interim Council meeting under Dr. 
Blanck’s presidency was held at the Morrison Hotel 
in Chieago, on February 4, 1945. E. 8. Stateler acted 
as Secretary pro tem., the Secretary having been 
snowbound and delayed. A message by telephone re- 
ported that membership had increased to 1620, and 
that new sections were already organized or in process 
of organization as follows: Philadelphia, Great Lakes, 
Western New York, Florida, Maryland, and — 
Sound. 


WAR CONDITIONS PUT BAN ON CONVENTIONS 


Because of the war conditions regarding transporta- 
tion and hotel facilities, and the request of the Govern- 
ment that all conventions be eliminated during the 
emergency, it was voted to present no petition to the 
Federal Commission on Conventions and Conferences 
in regard to holding a national meeting in 1945. But 
with the conviction that a mishinttcib in 1945 should not 


Conversion factors & technical 
data for the food industry 


A “must” for food technologists in any industry! Edited 
by 2 of the Food Industry’s foremost technologists . . . 
C. G. Harrel and R. J. Thelen of the Pillsbury Company. 
6th Edition . . . $20.00. 

ORDER YOUR copy TODAY! 


The Pillsbury Compa pany ‘ Lt 
Pillsbury Building x 417 ¢ Mi polis 2, 

Enclosed is my check /money order for $20.00. Please se: 

6th edition of CONVERSIC ON FACTORS AND TECHNI ICAL SOATA 
FOR THE FOOD INDUSTRY 
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be entirely eliminated it was moved by Newton and 
seconded by Conquest that the Program Committee 
should proceed with plans as usual, and obtain consent 
from authors to have their papers presented before 
regional sections when feasible and later published in 
the Proceedings. This motion was approved and ear- 
ried. Then, in order to comply with the provisions of 
the Constitution adopted in 1944, it was moved by 
Proctor and seconded by Diehl] that in view of the 
emergency situation a meeting of the council be held 
at Rochester which will be designated as the Annual 
Meeting, providing this Council meeting be authorized 
by a majority of the members voting, to conduct the 
necessary business of the Institute, this vote to be 
obtained by a special reply-card questionnaire mailed 
from the office of the Secretary at the earliest possible 
date. This proposal was unanimously carried. This 
arrangement would make possible the continuity of 
the annual national meetings. President Blanck was 
authorized to appoint the time and place of the Coun- 
cil meeting provided for by the previous vote. 

The Program Committee reported that a six-session 
program with the central theme, ‘‘Preservation of 
Food Values,’’ was already planned in view of the 
tremendous food stocks that will require storage in 
the post-war period, and the current interest in the 
various aspects of processing, storage, packaging, and 
use of antioxidants. Authors were being asked to per- 
mit reading of their papers at regional meetings in 
case no meeting could be held at Rochester. 

The other most significant feature of this Council 
meeting was a long and very comprehensive report 
from the Committee on Objectives and Planning deal- 
ing with the matters of membership, and recommend- 
ing that there be a single grade of full membership, 
and a class of student membership, composed of stu- 
dents who are duly matriculated in college courses of 
food technology. The report also stressed that a jour- 
nal should be established which should carry volun- 
tary research and other technical papers, the procee:i- 
ings of the Council and also abstracts of food tech- 
nology, and personal items of interest to members. 
Other matters were also covered with broad and con- 
structive suggestions for future action. In accepting 
this excellent report it was voted that the various 
important aspects which had been presented should 
be further studied by subcommittees for final action 
later. Other routine matters were considered, and the 
Council adjourned to await the result of the mail vote 
regarding the next meeting. 

The post-eard vote having been favorable for the 
legalizing of the next Council meeting as an annual 
meeting, President Blanck issued a call for a meeting 
in Rochester, N. Y. on May 20 and 21, 1945, with a 
Council meeting on May 20. At this meeting, petitions 
for charters were received for Regional sections in 
Florida, Western New York, and Great Lakes area. 
These were granted, and interest in other sections was 
reported. 

The Finance Committee presented a budget to cover 
the period from January 1, 1945 to June 1946 when 
the new fiscal year plan would go into operation. 
Other committees made brief reports. The Committee 
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Amazing the way Kelco Algin 
makes your products better 


—and enables you develop 
new, improved products, 


KELCOLOID LVF® KELCO-GEL HV* KELCO-GEL LV° KELTONE® propucts or KELCO COMPANY 


120 Broadway, New York 5, N. ¥ * 20 N. Wacker Drive, Chicago 6, Illinois * 530 West Sixth Street, Los Angeles 14, Calif. * Cable Address: Kelcoalgin 
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one Source for 


What do dieters and growing young- 
sters have in common? .. . Mostly, 
their need for extra amounts of high- 
quality protein, without correspond- 
ing increases in food intake. 


Sheftenes are 90% protein, with an 
essential amino acid balance like that 
of milk, from which they are derived. 
As concentrates, they provide not 
only higher protein quality but greater 
protein yield as well . .. which makes 
them ideal for infant, dietary and 
geriatric preparations. 


Shettene Calcium Caseinate is a low- 
in-sodium, water-dispersible powder 
recognized as an abundant, economi- 
cal source of lysine. 


Sheftene Sodium Caseinate, soluble, 
is an ideal dietary nutritive. Also ex- 
cellent as an emulsifier for fat in 
processed meats, and as a stabilizer 
in milk-shake bases, low-calorie ice 
creams, etc. 


Free samples and data available .. . 
also technical assistance if needed. 
Write Dept. FT- 119. 


HEFPFIELD CHENMICAL 
Norwich, N.Y. 


4 DIVISION OF NATIONAL DAIRY PRODUCTS CORPORATION 


Western U.S. distribution through 
BRAUN-KNECHT-HEIMANN CO., and Affiliates — San Francisco 
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on Publications recommended that the new President 
appoint a Committee to inaugurate at the earliest 
moment an Institute publication of broader scope than 
the occasional News Letters issued by the Secretary. 
On motion, duly seconded, this recommendation was 
unanimously approved and adopted. 

The technical sessions were effectively handled by 
the Program Committee, and at the banquet the 
Appert Medal was awarded to Dr. A. W. Bitting in 
recognition of his basic work in sterilization and for 
his historical researches on Appert. At the business 
session officers were elected as follows: .'resident, 
Fred W. Tanner; Vice President, Victor Conquest ; 
Secretary-Treasurer, George J. Hucker. Elected as 
Councillors-at-Large were: M. L. Laing, P. L. Logan, 
B. E. Proctor, A. E. Stevenson, and P. C. Wilbur. 

Despite the difficulties due to war emergency con- 
ditions, the Rochester meeting was a pronounced 
success. A critical period in IFT history had been 
successfully passed, and it was evident from the in- 
terest manifested that IF'T was becoming a strong and 
forceful organization, which would be further 
strengthened when the recommendations made by the 
Committee on Objectives and Planning were put 
into effect. 

One of the first acts of President Tanner was to 
appoint a committee of the Institute to make recom- 
mendations as to an Editorial Board of a new publi- 
cation for which the name Transactions was pro- 
posed. As it would be necessary to increase the dues 
in order to cover the expense involved, the Secretary 
was requested to solicit a vote of the membership re- 
garding this matter. A favorable report was the re- 
sult, so the project was further considered, but before 
this was adopted as the final form of Institute publica- 
tion the matter was reconsidered in the business of 
the following year, as will be later mentioned. He also 
appointed a committee to arrange for the 1946 meet- 
ing if government restrictions would allow, and also 
a Program Committee. 

During this year the efforts to have Food Tech- 
nologists recognized in the National Roster of Scien- 
tists and Specialized Services, which had been de- 
layed, were somewhat advanced and _ eventually 
reached successfully in the following year. 

The 1946 meeting was held at the Statler Hotel in 
Buffalo, on March 17-18, 1946. In addition to the 
excellent program, many matters pertaining to the 
welfare of the Institute were discussed, and progress 
reports presented. Charters were granted to Phila- 
delphia and Maryland Sections, the geographical 
boundaries to be arranged with Committee on Re- 
gional Sections. Dr. Clyde H. Bailey of the Univer- 
sity of Minnesota, was awarded the Appert Medal. 
Officers elected were: President, Ellery H. Harvey; 
Vice President, Helmut C. Diehl ; Secretary-Treasurer, 
George J. Hucker. Councillors-at-Large, F. C. Blanck, 
L. V. Burton, J. A. Knowles, R. C. Newton and P. F. 
Sharp. 

The Institute had now reached a membership of 
1859, and was in sound position financially. As this 
meeting disbanded, it was generally felt that the time 
was near at hand for some changes in permanent or- 
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ganization in view of its growth and its potential 
outlook. 

A well attended Council Meeting, under President 
Harvey’s leadership, was held at the Palmer House in 
Chicago on Sept. 15, 1946. The President expressed 
the opinion that the Council should make decisions on 
principles, which when established could be imple- 
mented by committee action. Stating that it had been 
suggested that the Institute confer a certificate of 
merit on the outstanding food processing company of 
the country, he called on L. V. Burton, Chairman of 
the special committee to present a report. Burton 
announced that the periodical Food Industries pro- 
posed to sponsor and donate a biennial award, to be 
known as the Achievement Award to the Company in 
the food processing industry, which, in the opinion of 
a Jury of the Award, had made the greatest achieve- 
ment in food technology during the previous two 
years. The purpose of the award was to stimulate 
aggressive progress in the application of food tech- 
nology by food manufacturing companies, by recog- 
nizing in an appropriate manner the company, rather 
than any individual, which has made such an 
achievement. 

The details of conditions pertaining to the award, 
the method of appointment of the jury, at least half 
of whom shall be members of IFT, and the organiza- 
tion of the jury itself are specified in this report. One 
important detail was that the Editor of Food Indus- 
tries shall function as secretary of the jury but shall 
not vote on any matter pertaining to the selection of 
the recipient of the award. The first award was to be 
made at the Boston Meeting in 1947. The award itself 
shall be a bronze plaque 18 in. x 24 in. similar to the 
Chemical Engineering Award of the Chemical and 
Metallurgical Engineering Society. 

This carefully prepared and detailed report elicited 
much favorable comment. When at the appropriate 
time it was moved (Blanck) and seconded (Logue) 
that the Council accept the Food Industries Award 
in principle and that the President proceed according 
to the committee report to take the actions needed for 
the selection of the first Awardee, the vote was unani- 
mously carried. 

Reports by the Committees on Budget, Membership 
Certificates, Constitution (in detail), Convention 
Manual, and Convention Profits were duly considered 
and accepted. The Program Committee announced 
that the next meeting would be in Boston (1947) and 
that a program for it was well under way. Other 
matters not requiring specifie action were presented, 
notably a report on Membership and on Publicity. 
The Committee on Regional Sections offered the peti- 
tion for charter of the Puget Sound Section and this 
was granted, thus bringing the number of Regional 
Sections to twelve. 


FOOD TECHNOLOGY: VOLUME I, NUMBER 1 
APPEARS IN JANUARY 1947 


Of prime importance at this meeting was the report 
of the Committee on Objectives of IFT. Of its many 
important recommendations one of special significance 
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was that the Committee establish a Journal super- 
seding previous publications, and requiring an Edi- 
torial Board and a Business Manager. This recom- 
mendation was coupled with a further statement that 
a much larger budget would be necessary, and implied 
the appointment of a paid Executive Secretary on 
full time, who would maintain an office, stenographie 
help, ete. Action on this recommendation followed, 
and it was voted to establish the journal, Foop TEcH- 
NOLOGY, with C. Olin Ball as Editor-in-Chief, a board 
of associate editors, and G. J. Hucker as Managing 
Editor for the first volume. Although planned by Dr. 
Ball as a bimonthly, some difficulties were encountered 
and the first two volumes were issued quarterly. The 
first number appeared in January 1947. A good start 
was thus made on a permanent official journal of the 
Institute of Food Technologists. 

Another matter of interest arising at this time was 
that of securing a design or insignia which could be 
used by the Institute on its stationery or publications, 
or on the letterheads of members. A committee headed 
by L. V. Burton had been working on this matter, 
and after numerous efforts a unique design was pre- 
sented and subsequently approved. 

The year had been an important one for the Insti- 
tute of Food Technologists, and many matters which 
are not here mentioned received consideration by 
officers and council members. Early in 1947 the 
Northeast Section sent out a cordial invitation for the 
Boston meeting, which would thus commemorate the 
tenth anniversary of the First Food Technology Con- 
ference where the original seeds were sown which 
germinated and fructified into the Institute of Food 
Technologists, with its growth into a membership of 
over 2000. 

The meetings were held at the Hotel Statler on June 
1 to 3, with a large and enthusiastic attendance. At 
the Council Meetings many matters of importance to 
the welfare of IFT and its future development were 
brought up for discussion and action. 


GROWTH REQUIRES CONSTITUTION CHANGES 


Of special significance was the recommendation of 
certain changes in the Constitution of the Institute 
which seemed to be demanded because of the notable 
growth and outlook of the organization. The most 
important of these presented for the immediate con- 
sideration by the membership were (a) an amendment 
simplifying the procedure for nomination and elec- 
tion of officers and Councillors-at-Large; (b) the con- 
tinuity in the office of Secretary-Treasurer; and (c) 
creation of the office of President-elect to facilitate the 
building up of an efficient organization for camping 
on the functions of the Institute. (The president-elect 
to succeed to the office of president the following 
year.) Other changes leading to greater efficiency in 
handling election matters were also implied. 

The Secretary reported on correspondence from the 
Australian Food Technology Association of Sydney 
expressing the belief in the desirability of some form 
of liaison between such bodies, and the hope that such 
a liaison might be established with the Institute. He 
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referred to the service which had been rendered to 
their association by Drs. Fellers and Joslyn when they 
were on duty in Sydney with the American army. 
This cordial and detailed letter was referred to the 
Committee on Regional Sections for action. 

A report by the Editor of Foop Tecuno.ocy de- 
seribed the initial experiences in launching the new 
journal, the abundance of material submitted for 
publication and the sections of the general field which, 
in addition to editorials, had been planned by the 
editorial board. 

At this Council Meeting President Harvey an- 
nounees the Report of the Tellers Committee, and the 
of Officers for 1947-48 as follows: President, 

J. Hueker; Vice President, E. M. Chace; Secre- 
C. R. Fellers. Councillors-at-Large : 
E. D. Clark, M. E. Highlands, A. G. Olsen, S. C. Pres- 
cott, J. G. Woodroof. 

It was the sincere belief of all that the election of 
Dr. Huecker was most appropriate following his long 
service as Secretary-Treasurer from the very be- 
ginning of the existence of the Institute. The 1947 
Appert Medal was awarded to Dr. C. O. Ball for his 
studies on sterilization. There were other special 
features of this Boston meeting which added to its 
SUCCESS. 


END OF A DECADE OF ACHIEVEMENT 


It seems not inappropriate to terminate here a re- 
port on the origin and early history of the Institute 
of Food Technologists. It was now ten years since the 
original Food Conference had been held in Cambridge. 


‘During these ten years the thoughts and hopes of the 
sponsors had come to fruition, the organization had 
been effected, and had grown rapidly and broadly, 


and IFT had taken a highly reputable position among 
the technical societies of the country, and the outlook 
was most promising. Through successive revisions a 
constitution that was operable and adequate had been 
evolved, and the high standards sought by the founders 
had been evolved. From a relatively small group who 
had believed an organization of this kind to be de- 
sirable and had become founder members had grown 
a strong, conscientious and enthusiastic membership 
of over two thousand members, with excellent pros- 
pects for future growth and usefulness. 


The Institute of Food Technologists had become a 
firmly established and honorable society devoted to 
professional service to food science and the food indus- 
try and to the promotion of human welfare every- 
where. 


Annual Meeting of IFT in San Francisco Slanted Along Subject Matter Lines 


Last Call for Contributed Papers Issued 


Tur proOGRAM for the San Fran- 
cisco meeting is being slanted along definite subject 
matter lines. When feasible, contributed papers will 
be placed in appropriate sections. There will be spe- 
cial sessions on the following topi..: Chemistry of 
Foods, Quality Control, Instant F.ods, Food Micro- 
biology and Public Health, Food “Zngineering, Fruit 
and Vegetable Technology (special session on citrus 
products), Animal Products Technology, and Pack- 
aging. 

LAST CALL 
This is the last call for contributed papers for the 


technical sessions of the next annual meeting to be 
held in San Francisco May 15-19, 1960. While much 


of the program will consist of sessions with planned 
subjects and invited speakers, there should be ample 
time for high quality contributed papers. 


DEADLINES 


1. Titles must be received by the Program Chair- 
man not later than December 1, 1959. 
2. Abstracts must be received by the Program 
Chairman not later than January 1, 1960. 
Georce F. Stewart, Program Chairman 
Department of Food Science and 
Technology 
University of California 
Davis, California 
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Nominations Now Open for 


The Institute of Food Technologists, Donor, an- 
nounces the opening of nominations for the second 
FOOD TECHNOLOGY ACHIEVEMENT AWARD. 
The award consists of the following: To the Company 
or Institute, a bronze plaque. To the individual(s) 
judged to have made major contributions to the 
achievement, either through basic research or develop- 
ment, public recognition at the time of presentation 
of the Award, and an engrossed plaque. 

The purpose of this award is to recognize and honor 
an outstanding food process and/or product, which 
represents a significant advance in the application of 
Food Technology to food production, and which has 
been successfully applied in actual commercial opera- 
tion at least six months but not over four years prior 
to the date of calling for nominations. Insofar as 
possible, this Award shall be personalized by public 
recognition of the individual(s) responsible for the 
achievement. 


AWARDS 
The Babcock-Hart Award 


Donor: The Nutrition Foundation, Ine. 

Awarp: $1,000.00 and an engrossed plaque. 

Purpose: To honor a person who has distinguished 
himself or herself by contributions to Food Tech- 
nology which have resulted in improved public health 
through some aspect of nutrition or more nutritious 
food, 

NoMINATIONS: Nominations may be made by any 
member of the Institute of Food Technologists. Nomi- 
nations shall be in letter form giving a biographical 
sketch of the nominee and detailing the contributions 
that would qualify the individual for the award. 
Nominating letters shall be limited to two, single- 
spaced, typewritten sheets. This Award can be made 
only for technological developments or scientific con- 


_ tributions which lead directly to technological de- 


velopments. January Ist is the deadline for receiving 
nominations. Address letter to the Secretary, Insti- 
tute of Food Technologists, 176 W. Adams St., Chi- 
eago 3, Illinois. 


Of Professional Interest 


Food Technology Industrial Achievement Award 


CALL FOR NOMINATIONS 
Any member of the Institute of Food Technologists 
may make nominations for the Award. Each nomina- 
tion must be in letter form and include the following: 

Name of Company or Institution. 

Name of Product and/or Process. 

Description of Product or Process. 

Statement of reason for considering this a meritori- 
ous achievement. 

Statement listing individuals chiefly responsible for 
the achievement and their individual contribu- 
tions. 

Statement indicating the time and extent of com- 
mercial utilization. 

Nominations must not exceed three, single-spaced, 
typewritten pages. December Ist is the deadline for 
receiving nominations. Send nominations to the 
Secretary, Institute of Food Technologists, 176 West 
Adams Street, Chicago 3, Illinois. 


The Nicholas Appert Award 


Donor: The Institute of Food Technologists. 


Awarpb: This Award, originated by the Chicago 
Section of the Institute of Food Technologists, con- 
sists of a Bronze Medal (furnished by the Chicago 
Section) and an honorarium of $1,000.00. 


Purpose: To honor a person for pre-eminence in 
and contributions to the field of Food Technology. 


NoMINATIONS: Nominations may be made to the 
Executive Secretary by any member of the Institute 
of Food Technologists. Nominations shall be in letter 
form giving a biographical sketch of the nominee and 
detailing the contributions that would qualify the 
individual for the award. Nominating leiters shall 
be limited to two, single-spaced, typewritten sheets. 
January Ist is the deadline for receiving nominations, 
Address letter to the Secretary, Institute of Food 
Technologists, 176 W. Adams St., Chicago 3, Illinois. 
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Last Call for Responses to Committee on Education Questionnaire 


English, This past Committee on sent 
Economics out 1500 questionnaires to the food industry. We 

have received about 200 replies. We would like to 
receive still more and would appreciate it if you would 
make yourself a Committee of One to get the ques- 
tionnaire below filled in and returned to us if your 


company has not already sent theirs in. Will you 


please do this now? 


Fill in, clip out, and send to 


Dr. Rosert M. SCHAFFNER 
Institute of Food Technologists 
Senitetion 176 West Adams Street 

Chicago 3, Illinois 


Distribution of Hours in Model Curriculum 


INSTITUTE OF FOOD TECHNOLOGISTS 
EDUCATIONAL COMMITTEE—1959 SURVEY 


(Information requested below from individual companies will be kept confidential ) 


. During the past five years, how many college graduates (with or without experience) has your company hired 


having degrees in the following disciplines? 
MS. Ph.D. 


Chemistry & Biochemistry 

Chemical Engineering 

Microbiology 

Food Technology (Including Food Science & Engineering) 


. If food technologists, trained as recommended by the IF'T. (see Fooo TecHnoLogy, 1958, Vol. XII, No. 9, 
Pages 7-14) had been available, what total number of food technologists would your company have hired 
during the past five years? 


. In the next five years, how many food technologists with the approved IFT training would your company 
expect to hire? Approximate number ' 
About the same as in the previous five years. —___ 
More than in the previous five years. —___ 
Less than in the previous five years. __ 


No opinion, 
(Cheek one) 


. 


Company 
Address__ 


Name 


Position 
Main Products 
Are you answering for entire company? Yes_ 
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FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 
November 16-18 Annual National Packaging Forum of the 


Packaging Institute, Inc., Hotel Statler, New 
York, N. Y. 


November 16-19 International Soft Drink Industry Exposition, 
Kiel Auditorium, St. Louis, Missouri 


1959-1960 
December 26- Dairy and Food Exposition, New York Coli- 
January 3 seum, New York, N. Y. 


January 17-20 Canners Convention and Show, Americana 
Hotel, Bal Harbour, Florida 


February 11-13 National Food Conference, Palmer House, Chi- 
eago, Illinois 


March 3-4 Second Better Foods for Better Nutrition 
Conference, Center for Continuing Education, 
University of Georgia, Athens, Georgia 
1960 
May 15-19 Twentieth Annual Meeting of the Institute 
4 of Food Technologists, Fairmont Hotel and 
Masonic Temple, San Francisco, California 
May 19 to IFT Pacific Rim Conference, Princess Kaiu- 
May 25 or 29 lani Hotel, Honolulu, Hawaii 
mys Meeting of the Institut 
7-11 Twenty-first Annual 0 e 
_ of Food Technologists, Hotel Statler, New 
York, New York 
1962 


17-20 Twenty-second Annual Meeting of the Insti- 
_ tute of Food Technologists, Americana Hotel, 
Bal Harbour, Miami Beach, Florida 


vitation is extended to readers of FOOD TECHNOLOGY 
oa . the Editorial Office, 11606 South Bell Avenue, Chicago 43, 
Illinois notices of annual or national tings of te food 
technologists. 


REGIONAL NEWS 
PHILADELPHIA 


IFT members visiting the Philadelphia area in the 
coming months should take note of the following 
interesting meetings planned by the Section: 


1959-1960 Meeting Schedule 


November 10, 1959—Dr. James W. Evans, Vice- 
President Research, American Maize Products, ‘‘Corn 
Syrup Technology.’’ 

December 1, 1959—Ray B. Wakefield, Research 
Dir., Gerber Products, National President IFT, 
**Ladies Night.’’ 

February 2, 1960—John Bard, Oscar Meyer Prod- 
ucts, ‘‘Application of Quality Control in Meat Proc- 
essing.’’ 

March 1, 1960—Dr. D. V. Josephson, Head, Depart- 
ment of Dairy Science, Penn State University. 

April 5, 1960—I. W. Southern, Plant Sanitarian, 
The Kroger Company, Cincinnati. 

The October meeting was devoted to an extremely 
interesting presentation ‘‘New Products—Who Needs 
’Em’’ by Hans Carstensen and Norman MeMillan of 
N. W. Ayers & Son, Ine. The business and consumer 
viewpoints were given and also a perspective on the 
future of new products. 


FOOD TECHNOLOGY, 


NOVEMBER, 1959 


MARYLAND 


The Section met at the Stafford Hotel in Balti- 
more on September 11, 1959. Dr. William Stahl gave 
a most interesting talk on ‘‘The Analysis of Flavors 
and Odors by Instrumentation.’’ Dr. Stahl has been 
Research Manager at McCormick & Company, Balti- 
more, Maryland, since 1957. His varied and exten- 
sive experience in the field of instrumentation pro- 
vided much of the interesting background informa- 
tion for his presentation of instruments used for 
identification of components of flavor. The talk was 
supplemented with slides and a question and answer 
period followed. Approximately 40 members and 
guests participated. 


—Warren E. Anderson 


N. CALIFORNIA 


Our August 20th Oakland meeting enlightened us 
on water pollution in the State of California as well 
as in specific districts. The speakers were Paul R. 
Bonderson, Chief Executive Officer of the State Water 
Pollution Control Board, who discussed State laws 
relating to water polluting and stressed recent 
changes. John B. Harrison, Executive Officer, Bay 
Region Water Pollution Control Board, and Charles 
T. Carnahan, Assistant Executive Officer, Central 
Valley Water Pollution Control Board, emphasized 
the specific pollution problems in their own districts. 
The meeting was well attended and enthusiastically 
received by the members. 

The highlights of the October 15th San Francisco 
meeting were twofold: the presentation of awards 
and a verbal ‘‘look’’ at food science and technology 
at the University of California at Davis. This was a 
special night for the Davis campus for all the awards 
were won by students there, reflecting great credit 
on the institution and the students. 

The National [FT Awards included the General 
Foods Fund Fellowship to Mr. Michael R. Gumbmann, 
the Samuel Cate Prescott Fellowship to Miss Joan 
Clark, the Gerber IFT Undergraduate Award to Mr. 
Joel D. Franklin and Mr. Thomas E. Higgins. The 
Cruess Award was presented to Mr. Grafton J. Smith. 

“Department of Food Science and Technology— 
A New Look’’ was aptly discussed by Professor 
George F. Stewart, its new department head. His talk 
climaxed a highly successful meeting. 


—Shirley V. Noland 


MINNESOTA 


At the September 15th meeting, members of the 
Minnesota Section of The Institute of Food Tech- 
nologists heard Melvin Mickevic, Marine Colloids, 
Ine., Chieago give an illustrated account of his 
experiences as a member of a safari across lower 
equatorial Africa. 

According to Mr. Mickevic, native diets vary from 
primarily herbivorous in the western area, to a pri- 
marily carnivorous diet in the eastern areas. 
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FLO-SWEET BLENDS...a growing family of fine sweeteners 


When only the right combination of characteristics will meet your requirements 
for a top quality sweetening agent . . . turn to Flo-Sweet. In the growing family 
of Flo-Sweet blends, you will find a rich variety of types and ratios from which 
to choose. 

Doubly refined and united by a special comogenizing process for utmost 
uniformity, Flo-Sweet blends open up whole new fields for food manufacturers 
who are readying new table delicacies to tap tomorrow’s rich and growing 
markets. To find out how these versatile sweetening agents can best fit into your 
own new food products development program, consult your Flo-Sweet En- 
gineer. Or write for the brochure “New Ingredients for New and Improved 


Food Products.” It tells all about four new Flo-Sweet liquid sugars! 


A FLO-SWEET BLEND 
FOR EVERY NEED! 
These principal Flo-Sweet blends are 
comogenized at the refinery for complete 

uniformity : 

SUCRODEX (cane sucrose and dextrose) 
INVERDEX (cane invert and dextrose) 
AMBERDEX (amber sucrose and dextrose) 
SUCROSE/CSU (sucrose and corn syrup) 


REFINED SYRUPS & SUGARS, INC. 


YONKERS, NEW YORK 


SERVING INDUSTRIAL SUGAR USERS EXCLUSIVELY 
FROM YONKERS, ALLENTOWN, DETROIT, TOLEDO 


FIRST §M LIQUID SUGAR 
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Some of the western areas are not as suited to 
cattle raising as are the eastern areas and the natives 
are found to supplement their diets with such foods 
as smoked monkey, sun-dried caterpillars and ant 
pancakes fried in palm oil. 

The only food similar to candy that was encoun- 
tered during the safari, was a slightly fermented 
wild-honey sold in native market places. 

‘We found no preservation of food—the natives 
are all quite primitive,’’ said Mr. Mickevie. 

The following is a schedule of future meetings: 

November 24—Speaker: Dr. Charles Glenn King, 

Executive Director of the Nutrition Foundation, 
Ine. Topie: ‘‘Current Trends in Nutrition Re- 
search and Practices with Special References to 
Proteins and Fats.”’ 

January 19—( Wives Night) 

Speaker: Dr. Ernest Guenther, Fritzsche Broth- 
ers, Ine. 
Topic: ‘‘ Essential Oils of South America.’’ 


—Franklin L. Serensen Jr. 


MOHAWK VALLEY 


On Thursday evening, September 24th, the regular 
meeting of the Mohawk Valley Section of Institute 
of Food Technologists was held on the campus of the 
State University of New York Agricultural & Techni- 
eal Institute at Morrisville. The girls’ catering class, 
under the direction of Miss Lois Thomas, served 
dinner to about forty members attending. 

Following dinner a meeting was held in Shannon 
Hall, the new Food Processing Laboratory. Tribute 
was paid to Mr. Henry Strecker, Chairman of the 
group, who is leaving this area to work in California. 
The speaker of the evening was Dr. Z. I. Kertesz, 
Professor of Chemistry at the Geneva Experiment 
Station. The topie of his address was ‘‘ Recent De- 
velopments in Food Processing with Ionizing Radia- 
tion.”’ 

Dr. Kertesz has spent many years in the field of 
food technology, has served on numerous advisory 
boards for our government and other governments, 
has authored many articles dealing with topics related 
to food technology, and has worked as a member of 
a team at the Experiment Station which is con- 
ducting research in the field of food preservation 
with ionizing radiation. Dr. Kertesz traced the his- 
tory of developments in this field, pointed out some 
of the many problems related to this research and 
directed some thoughts to possible future develop- 
ments. He explaine | briefly the work being conducted 
at the Station and what they propose to do when 
their new food science building is completed. The 
new building will contain a radiation source for 
further research. 

A question period followed the address. 

The next meeting of this Group will be held in 
Little Falls on November 19. 
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Literature 


ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


BIOLOGICAL SCIENCES 


Biochemistry 


Prevention of freezing damage to living 
cells by dimethyl sulfoxide. 


Lovetock, J. E. anp Bisnop, M. W. 
(Nat. Inst. for Med. Research, London, 
Engl.). Nature 183, 1394-5 (1959). 


With bovine and human red blood-cells, 
dimethyl sulfoxide penetrated the cells 
faster than glycerol to give complete pro- 
tectior against damage by freezing. Di- 
methy) sulfoxide may serve as a protec- 
tive agent in a wide variety of living 
things. 


Goitrin from fresh cabbage. 


AutamurRa, M. R., Lona, L. anp Has- 
seLstrom, T. (Quartermaster Research 
and Eng. Center, Natick, Mass.). J. Biol. 
Chem, 234, 1847-9 (1959). 


Goitrin, a strongly antithyroid compd., 
previously found in seeds has now been 
obtained from fresh cabbage leaves in 
very small amts. and its properties identi- 
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fied. The compd. has been identified un- 
equivocally by comparison of the mass 
spectrum of the purest fraction isolated 
with the mass spectrum of L-5-vinyl-2- 
thiooxazolidone. The amt. in edible por- 
tions was 1 part in 8 million. 


Concerning the site of protein synthesis in 
leaves. 


Racusen, D. anp Hosson, E. L. (Univ. 
of Vermont, Burlington). Arch. Biochem. 
Biophys. 82, 234-6 (1959). 


In order to measure differences in the 
rates of protein synthesis between cyto- 
plasm and the chloroplasts, C“O. was fed 
to illuminated, intact leaves and amino 
acid quantity and radioactivity measured. 
The results indicated that the labeled 
bulk proteins of the chloroplast and eyto- 
plasm are quite similar with regard to 
both rate and kind of C’-amino acid in- 
corporation. 


Nitrogen containing sugars. 


Fiscuer, O. Deut. Lebensm. Rundschau 
8, 71 (1959). 


Many natural substances contain amino 
sugars as building blocks. They are pres- 
ent in mothers milk and are responsible 
for the Bacillus bifidus in the intestinal 
flora of the nursing infant. Amino sugars 
are synthesized in the body and do not 
have to be present in foods. The synthe- 
sis takes place by ionization of the cor- 


responding hexose with glutamine. The 
formation of amino polysaccharides sup- 
posedly occurs similarly to the enzymatic 
synthesis of polysaccharides. Analyti- 
cally the amino sugars are sepd. from the 
hydrolysate mixt. of the amino polysac- 
charides by chromatography or ion ex- 
change resins. 


The absorption of fatty acids by the iso- 
lated intestine. 
JOHNSTON, J. M. (Univ. of Texas 
Southwestern Med. School, Dallas). /. 
Biol. Chem. 234, 1065-7 (1959). 


With the use of a prepn. in vitro, 
labeled fatty acids are continuously ab- 
sorbed from the mucosal soln. and trans- 
ported to the serosal compartment over a 
2-hr. period. The activity in the serosal 
soln. is found predominantly as triglycer- 
ide with small amts. of diglyceride and 
free fatty acids. The distribution of 
glyceride activity in the intestinal wall is 
similar to that in the serosal soln. 


Metabolic adaptations in higher animals. 
V. The study of metabolic pathways 
by means of metabolic adaptations. 


FREELAND, R. A. AND Harper, A. E. 
(Univ. of Wisconsin, Madison). J. Biol. 
Chem, 234, 1350-4 (1959). 


Observations on the influence of sev- 
eral types of diets on the activities of 
liver glucose-6-phosphatase (I) and frue- 


FOR TECHNICAL HELP... 


In addition to supplying you with high quality choco- 
late flavorings and coatings, your Man From Blumen- 


thal will gladly: 


1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special serv- 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 
special types of chocolate. 

. Refer your problems to one of our consultants spe- 
cializing in technical problems. 
. Conduct research on new ideas suggested by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES Si'S., PHILADELPHIA 37, PA. 
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on the nature of II response in rats are 
presented. The hypothesis that the in- 
gestion of a diet devoid of a direct source 
of glucose but contg. a high level of a 
compd. that is converted to glucose via I 
should cause an increase in I activity and 
that the ingestion of a comparable amt. 
of a compd. that is converted to glucose 
by way of Ii should increase II activity 
was borne out. 


Transfer of fructose and glucose across 
surviving guinea pig intestine. 


Satomon, L. L. anp Jonnson, J. E. 
(Univ. of Texas, Galveston). Arch. Bio- 
chem. Biophys. 82, 179-87 (1959). 


Conversion of fructose to glucose by 
intestine of guinea pigs involves chain 
fragmentation in what appears to be an 
obligatory step, while glucose does not 
share a similar fate during active trans- 
port. A new method for degrading glu- 
cose, yielding C-1 as COs, and a simple 
app. for studies on intestinal tissues are 
described. 


Microbiology 


An electron microscopic study of thin sec- 
tions of bacteria and bacteriophage 
grown on agar plates. 


Mercer, E. H. (Chester Beatty Re- 
search Inst., London, Engl.). Biochim. et 
Biophys. Acta 34, 84-9 (1959). 


A method of preparing thin sections 
of bacteria and bacteriophage growing 
on conventional agar plates is described. 
Fixation using buffered osmium tetroxide 
solns. or permanganate must be followed 
by an immediate post-fixation in uranyl 
acetate solns., which appear to stabilize 
the nucleic acid in the form of thin fila- 
ments (~50 A). The course of infection 
of EF. coli-by Ts phage is described. 


Epidemiology of toxoplasmosis. 


Anon. Lancet 869-70 (1959). 


Serological evidence indicates that the 
protozoan, toxoplasma, has infected from 
4% to 94% of adult human populations 
and between 5% and 60% of domestic 
and wild animals. Source of infection, 
prevalence and symptoms of the disease 
are described. 


A bacterial dextranase. 


Batty, R. W. AND CLARKE, R. T. 
(D.8.1.R.0., New Zealand). Biochem. J. 
72, 49-54 (1959). 


Two bovine rumen strains and one 
human strain of Lactobacillus bifidus 
have been shown to secrete an extracellu- 
lar dextranase. The dextranase was iso- 
lated from cell-free culture fluids by 
pptn. with ammonium sulfate. Although 
the enzyme rapidly destroyed the opal- 
escence of a dextran soln., reducing sugars 


tose diphosphatase (II) and observations 
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were produced only after prolonged incu- 
bation. The products of the action of 
the enzyme on dextran were a mixt. of 
isomalto-triose, -tetraose, -pentaose and 
higher oligosaccharides. 


Nutrition 
Torula yeast as a protein source in animal 
experiments. 
PROLL, J. Ernahrungsforschung 4, 106- 
3 (1959). 


Six generations of albino rats raised on 
varying amts. of yeast in conjunction 
with a basic diet were tested for growth 


and development. Small amts. of yeast 
had no noticeable effect, but large doses 
(up to 40% of the food intake) inhibited 
growth, especially in males, and produced 
lactation interference and infertility in 
females in later generations, 


Sources of dietary nitrogen for growing 
chicks and rats. 


SuLtiivan, T. W. (Univ. of Wisconsin, 
Madison). Dissertation Abstr. 19, 1552 
(1959). 


A very satisfactory method for detg. 
the supplementary protein value of fish 
meals based on chick growth and feed 


PH you can taste...more leading food processors depend upon 
Beckman pH equipment than all other kinds combined...to maintain 
consistent high quality standards, protect their product reputation and 
assure continued brand acceptance. { Whatever distinctive features 
are vital to your product success —texture, crispness, flavor, purity, 
freshness or color—control of critical pH values can make the important 
difference. And Beckman does it better, at lower cost...with the most ver- 
satile, complete line of pH meters and electrodes, the finest, most accu- 
rate instruments obtainable...for every plant, laboratory, and advanced 
research application. See your authorized Beckman dealer today, or 
write for Data File 84-11-01. Beackmarr 

Scientific and Process | Instruments Division 


Beckman Inatrwments, Inc. 
2500 Fullerton Road, Fullerton, California 


- 
i 


CHEMOCIDES MK ons PK 


(methy! ond propy! esters 
of p-hydrocybenzoic acid) 


Accepted as safe— 
under Food Additives Amendment 


Effective in acid, neutral and alkaline 
pH ranges 


More active against molds, yeast and 
bacteria 


In addition to inhibitory action—can 
be bactericidal and fungicidal 


Soluble in aqueous and organic media 


Calcium or sodium salts available 
experimentally for increased water 
solubility 


Completely stable in storage 


Chemocides MK 
and PK, and their 
sodium and caici- 
um salts, are im- 
mediately avail- 
able. For addi- 
tional data and 
samples write our 
Technical Service 
Department. 


(CHEMO PURO 


MANUFACTURING CORPORATION 


150 DOREMUS AVENUE, NEWARK 5, N. J. 
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efficiency is described. Herring, rosefish, 
menhaden and other meals were used in 
the expts. 


The utilization of dietary protein and 
energy as affected by fat and carbo- 
hydrate. 


Swirt, R. W., Barron, G. P., et al. 
(Pennsylvania State Univ., University 
Park). J. Nutrition 68, 281-8 (1959). 


Two diets farnishing equal amts. of 
protein and energy but differing widely 
in fat content were compared as to daily 
N balance and heat production in male 
subjects. The difference in total daily 
energy expenditure and N balances were 
insignificant. 


Sequence in which the amino acids of 
casein become limiting for the growth 
of the rat. 


Harper, A. E. (Univ. of Wisconsin, 
Madison). J. Nutrition 67, 109-22 
(1959). 


The sulfur-contg. amino acids of casein 
are the most limiting for the growth of 
rats with threonine mixt.; then trypto- 
phan, isoleucine, leucine, histidine, valine 
and phenylalanine all about equally lim- 
iting; lysine slightly less so; finally argi- 
nine being least limiting. 


Some effects related to the potassium and 
lysine intake of rats. 


Gersnorr, 8. N., Courtno-Apatnu, E., 
et al. (Harvard School of Publie Health, 
Boston, Mass.). J. Nutrition 67, 29-39 
(1959). 


Lysine-deficient rats fed diets contg. 
0.14 and 0.72% of K showed a partial 
protection against hair loss and increased 
liver fat when the higher K level was fed 
indicating an increased K requirement 
in these animals. Variations in the lysine 
but not the K content of the diets re- 
sulted in marked changes in the K and 
Na content of skin but not of liver or 
musele, The results of amino acid analy- 
ses and histologic studies of tissues from 
these animals are also reported. 


Decreasing tissue amino acid hunger with 
age. 

CHRISTENSEN, H. M. (Univ. of Michi- 

gan, Ann Arbor). Geriatrics 14, 429-32 
(1959). 


Observations are presented showing 
that the more rapidly a tissue is growing, 
the more strongly it concentrates amino 
acids, even unmetabolizable ones, into 
its interior. With the decline of their 
growth potential, various tissues of the 
rat and at least the skeletal muscle of 
man decline in this concentrative activity. 


Bioassay of the nutritional quality of the 
protein of human and cow's milk by 
rat growth procedures. 


TOMARELLI, R. M., MINNICK, N., ef al. 
(Wyeth Inst. for Med. Research, Radnor, 
Penna.). J. Nutrition 68, 265-79 (1959). 


Biological assays of the protein of hu- 
man and cow’s milk showed little dif- 
ference in the nutritional value in expts. 
designed to reduce excessive amt. of 
dietary lactose. 


The domestic cat as a laboratory animal for 
experimental nutrition studies. VII. 
Pyridoxine deficiency. 


CARVALHO, A., Faser, A. B., et al. 
(Univ. of Sao Paulo, Brazil). J. Nutri- 
tion 68, 213-29 (1959). 


Data demonstrating that the domestic 
eat requires pyridoxine for normal growth 
and blood picture are presented. Con- 
vulsive seizures, decreased xanthurenic 
acid exeretion, pyridoxine levels in tis- 
sues, and kidney lesions are described. 
Data on blood and plasma volume, total 
body water, blood glucose pyruvate and 
lactate, plasma sodium, potassium and 
inorg. phosphorus are also presented. 


Establishment of nutritional requirements 
in man. 
Heestep, D. M. (Harvard School of 
Publie Health, Boston, Mass.). Borden’s 
Rev. 20, 13-22 (1959). 


A review of the factors which must be 
considered in the establishment of the 
nutritional requirements of man. A table 
is ineluded which may be used as a guide 
to tell when nutrient intake is deficient, 
low, acceptable or high. 


Effect of antibiotics on the weight of 
chicks and rats fed raw or heated soy- 
bean meal. 


BraHaM, J. E., Birp, H. R. anp Bavu- 
MANN, C. A. (Univ. of Wisconsin, Madi- 
son). J. Nutrition 67, 149-58 (1959). 


High levels of proeain penicillin, chlor- 
tetracyeline, novobiocin, zine, bacitracin, 
or streptomycin improved the growth of 
chicks fed raw soybean meal by an aver- 
age of 31 to 51%; when heated soybean 
meal was fed, the antibiotics caused 
lesser increases, 4 to 14%. Growth on raw 
soybean meal plus antibiotics was, how- 
ever, less than that on the heated meal. 


Experimental lathyrism. Review of the 
literature. 


GaRDNER, A. F. (Georgetown Univ. 
School of Med., Washington, D.C.). Am. 
J. Clin. Nutrition 7, 213-23 (1959). 


Lathyrism may be produced in exptl. 
animals by feeding seed of the sweet 
pea. The literature on this subject is 
reviewed in an attempt to systematize 
and correlate the observations of the 
past century. 
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Circulating lipids in diabetes mellitus. 


ALDERSBERG, D. AND Ersuer, L. J. Am. 
Med. Assoc, 170, 1261-5 (1959). 


Many patients with diabetes mellitus 
present abnormalities in level of cireu- 
lating lipids in absence of ketoacidosis 
and renal disease. Two factors are in- 
volved: they are lack of insulin and 
presence of vascular complications. If | 
maintenance of normal levels of cireu- | 
lating lipids is added to the criteria of | ‘ 
management in diabetes mellitus, prog- 
nosis for such patients may be improved. | 


Intestinal flora and parasites—their effect 
on nutrition. 


Kreni, W. A. (Yale Univ., New Ha- 
ven, Conn.). Borden’s Rev. 20, No. 1, 1- 
11 (1959). 


The importance of intestinal micro- 
flora to national health and economy is 
discussed with particular emphasis on 
the effects of parasitic infections and 
antibioties. 


The effect of storage on the vitamin B, 
content of a packaged army ration, : : 

with a note on the human requirement | | e = = 
for the vitamin. 


Harpine, R. 8., PLoven, I. C. ann | & 
FRIEDEMANN, T. E. (Fitzsimons Army | ; 
Hosp., Denver, Colo.). J. Nutrition 68, | 
323-31 (1959). | 


Under conditions of the test, in a 24 
day feeding study of army C rations | 
utilizing 9 male test subjects the mini- 
mum daily requirement for vitamin Bs 
was between 1.93 and 2.76 mg. higher 
than the 1 to 2 mg. estimate of the Na- 
tional Research Council. These values an” 
were based on xanthureniec acid excretion | 
patterns, and no clinical differences were 
shown by this evaluation. 


Toxicology 
Alkaloids. 


Rostnson, T. (Syracuse Univ., N. Y.). 
Sci. American 201, 113-21 (July 1959). 


The function of alkaloids in plants re- 
mains obscure. Alkaloids are not end 
products but appear to be by-products 
acting as growth regulators. Nicotine 
resembles dipyridyl, suggesting that some 
alkaloids may function as a chelating 
agent. Alkaloids show great structural 
variety as shown in morphine (poppy), 
quinine (cinchona bark), eaffeine (cof- 
fee), cocaine (coea leaf) or ricinine (cas- 
tor oil bean). 


FOOD AND FOOD TECHNOLOGY 
Baking and Bakery Products 


A contribution to the wind sifting of 
wheat flours. 


Kemper, W. Starke 11, 121-5 (1959). 
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USE THESE NEW 
SMOKED YEASTS 
FROM VICO.... 


Give a sweet, natural hickory 
smoke flavor to canned, boked, 
frozen foods—perfect as a 
masking flavor for pet foods, 
pharmaceuticals, other special- 
ties. 


Both Hickory Smoked Brewers’ 
Yeast and Hickory Smoked Torula 
Yeast have been added to our line 
of KATER brand hickory smoked 
products. Both the Brewers’ Yeast 
and the Torula Yeast are naturally 
hickory smoked to a high flavor 
level, yet they cost less than ordi- 
nary smoked yeasts. 


High in protein, non-fermentable 
and highly palatable, they give a 
delicious, meaty smoked flavor to 
other foods. 


KATER Hickory Smoked Yeasts, 
dried at temperatures above pas- 
teurization, are acceptable under 
all regulations of the U.S. Food, 
Drug and Cosmetic Act, as amend- 
ed. Approved for certain applica- 
tions in federally inspected meat 
plants. 


Smoked-flavored food products are 
big business—get your share! If 
you process canned meats, soups, 
stews, sauces, baked goods, pre- 
pared mixes, dressings, frozen pre- 
cooked or prepared foods, pharma- 
ceutical, pet foods, or other special- 
ties, WRITE FOR FREE SAMPLE 
ON YOUR LETTERHEAD. 


PRODUCTS 
COMPANY 


Manufacturing chemists for the food and 
pharmaceutical industries 


415 W. Scott, Dept. FT, Chicago 10, Ill. 
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The inversion point at which the coarse 
material fraction in wind sifting con- 
tains more protein and less starch, and 
the fine material fraction contains less 
protein and more starch, or vice versa, 
oceurs at a wheat flour granule size of 
between 15 and 35 yu. 


IN MEMORIAM 


Dr. Bernard E. Proctor, head of 
the Department of Food Technol- 
ogy at Massachusetts Institute of 
Technology and president in 1952- 
53 of the Institute of Food Tech- 
ologists, died on 
September 24, 
1959, in Cam- 
bridge, Massa- 
chusetts. Widely 
known as a food 
scientist and for 
his contributions 
to food radia- 
tion preserva- 
tion research, 
the nutritional 
value of fish, and to many other 
food research and technology prob- 
lems, Dr. Proctor gave his services 
unstintingly to the scientific com- 
munity. He served extensively on 
committees of the national scien- 
tific societies—the American Pub- 
lic Health Association, the Ameri- 
can Chemical Society, the Ameri- 
ean Society of Refrigerating En- 
gineers, the Society of American 
Bacteriologists, and the National 
Research Council. He was chair- 
man in 1950-51 of the Agriculture 
and Food Chemistry Section of 
ACS, chairman of the Nutrition 
Section of the American Public 
Health Association, and member of 
the Committee on Food of the Ad- 
visory Board on Quartermaster Re- 
search and Development. He was 
a member of the original Council 
of the Institute of Food Technol- 
ogists. 

Dr. Proctor was affiliated with 
many other national societies—the 
American Academy of Arts and 
Sciences, Sigma Xi, the Chemists 
Club of New York, and the Cosmos 
Club of Washington, to name but 
a few. 

He was a Past Master of the 
Richard Maclawrin Lodge, A.F. 
and A.M. 


B. E. Proctor 


A native of Malden, Massachu- 
setts, Bernard E. Proctor was grad- 
uated from Malden High School in 
1919 and from the Massachusetts 
Institute of Technology in 1923. 
He received his Ph.D. at M.L.T. in 
1927. His teaching career began 
in 1923 at Boston University. He 
joined the M.1.T. faculty in 1927 
as instructor in biology and public 
health, rose to assistant professor 
in 1930, associate professor in 1937, 
full professor in 1945 and head of 
the Department of Food Technol- 
ogy in 1952. 

With Dean Samuel Cate Pres- 
cott of M.I.T. he wrote one of the 
first textbooks on food technology 
and, like Dean Prescott who was 
his predecessor in the teaching of 
food science and technology, he had 
a profound influence on develop- 
ing the academic prestige of this 
subject. 

During World War II Doctor 
Proctor was consultant to the Sec- 
retary of War and director of sub- 
sistence and packaging research 
and development for the Quarter- 
master General. He never lost 
touch with military research and 
was keenly interested in its prog- 
ress. He kept contact also with 
food industry research and accu- 
mulated a vast store of knowledge 
on foods and modern food proe- 
essing. For his distinguished con- 
tributions and services to food 
technology he was named the Nich- 
olas Appert Award winner in 1956, 
one of the top awards of the food 
field. 

Dr. Proctor is survived by his 
wife, the former Miriam H. Patten 
of Andover, Massachusetts. 


PERSONNEI 


Dr. Hermann 
J. Kohl, Chair- 
man of the 
Board and Pres- 
ident of Norda 
Essential Oil 
and Chemical 
Company, Ine., 
has announced 
the appointment 
of Mr, Fred J. 
Rowse as Vice 
President. Mr. Rowse has been as- 
sociated with Norda for the past 


F. J. Rowse 
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21 years. He is a graduate of 
Hofstra College and Columbia Uni- 
versity. Mr. Rowse is a member 
of the American Society of Per- 
fumers and the Cosmetic Chemists’ 
Society. Mr. Rowse resides with 
his family in Rumson, New Jersey. 


Dr. H. C. Diehl was elected to 
life membership in the Refrigera- 
tion Research Foundation, October 
24, 1959. Awarding of the Certifi- 
cate of Honorary Membership was 
made at the Executive Committee 
Meeting Dinner at the LaSalle 
Hotel, Chicago, Illinois. Doetor 
Diehl retired on December 31, 1958, 
after serving as The Foundation’s 
only director since it was formed 
January 1, 1944. One other Hon- 
orary Membership is held in The 
Foundation, Professor Dr. Rudolf 
Plank, President Emeritus Tech- 
nische Hochschule, Karlsruhe, Ger- 
many. 


The American Management As- 
sociation has conferred its highest 
award on C. Lee Rumberger, H. J. 
Heinz Company vice president for 
research and 
quality control. 

He received a 


Distinguished 
Service Award 


in recognition of 
his service as 
vice president of 
the AMA Pack- 
aging Division. 
The presenta- 
tion took place 
at the organization’s annual busi- 
ness meeting in New York City last 
week. 

At the same meeting, Mr. Rum- 
berger was elected a director of the 
28,000-member organization for a 
three-year term. 

He was reappointed vice presi- 
dent of the Packaging Division for 
three successive terms. In this 
post, he supervised AMA sponsor- 
ship of the annual National Pack- 
aging Exposition and other confer- 
ences and seminars on packaging 
organization and planning, ma- 


C. L. Rumberger 


terials, design, production and mer- 
chandising. 


Dr. Gaston G. 
Kohn has been 
named to organ- 
ize and head a 
technical serv- 
ice, research 
and quality con- 
trol section for 

Canco, S. A., 
can-making 
iate of Ameri- 
can Can International, Inec., in Sao 
Paulo, Brazil. Dr. Kohn previ- 
ously was assigned to the Eastern 
Area laboratory of American Can 
Company’s technical service divi- 
sion in Newark, where he was co- 
ordinator of the food laboratory. 
He is a director and member of the 
executive committee of the Inter- 
American Food Institute and is a 
member of the Institute of Food 
Technologists. 


G. G. Kohn 


Mr. K. G. Voorhees, president of 
Ungerer & Company, has an- 
nounced the appointment of Mr. 
F. J. Hailer, Jr., to represent Ung- 
erer & Company in the New Eng- 
land area. Mr. Hailer sueceeds 
the late Mr. Warren G. Kell who 
served Ungerer faithfully for many 
years in the territory. 


Dr. A. W. Brant, former Chief 
of the Poultry Research Branch of 
the United States Department of 
Agriculture at Beltsville, Mary- 
land joined the University of Cali- 
fornia, at Davis, September 1 as 
Food Technologist. Dr. Brant’s 
work at Davis will be in the fields 
of research and extension on poul- 
try and animal products technol- 
ogy. In coming to Davis, Dr. Brant 
leaves the USDA after nearly 10 
years of outstanding service. He 
was recipient in 1956 of the US- 
DA’s ‘‘Outstanding Performance 
Rating’’ for both practical and 
fundamental contributions to the 
welfare and productivity of the 
nation’s poultry industry. His 
research on methods of detecting 
blood spots in eggs received a 
USDA Superior Service Award in 
1954. 
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SALES DEVELOPMENT OR PROD- 
UCT APPLICATION — Seeking: re- 
sponsible management position with 
food or allied company. Offering: 20 
years exp. in R & D, production super- 
vision, Quality Control, editing, tech- 
nical liaison, and trade association 
work. REPLY BOX 731, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, Ill. 
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LABORATORY SERVICES 


Tonielty Studies, Vesting 
‘oxici ies, insectici 

and Screening, Flavor Evaluation. 
Project Research and Consultation 


Write Price 


WANTED: Cereal Chemist to work 
in new Product Development and Re- 
search. Work will be both varied and 
challenging. Applicants should have 
a good knowledge of general field of 
cereal technology. Some travel will 
be expected. Company is located in 
north central region and has been 
established for 60 years. Salary com- 
mensurate with experience. B.S. de- 
gree in Chemistry or its equivalent is 
necessary. Please submit a resumé 
stating age, education, personal back- 
ground and salary requirements. RE- 
PLY BOX 728, Institute of Food 
Technologists, 176 W. Adams St., Chi- 
cago 3, IIL. 


AVAILABLE: FOOD TECHNOLO- 
GIST, Ph.D. Bacteriologist equivalent 
of B.S. in Chemistry. Research, Prod- 
uct Development and Quality Control 
experience. 8 yrs. experience in food 
industry. Desires position as Director 
of Laboratories. REPLY BOX 729, 
Institute of Food Technologists, 176 
W. Adams St., Chicago 3, Il. 


AVAILABLE: Food Technologist 
with extensive experience in salad 
dressing products, fruits, vegetables, 
dog food, citrus beverages and sausage 
products. Seeks responsible position in 
Quality Control and Product Develop- 
ment. REPLY BOX 726, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


FOUNDED 1922 


ted and 


erearch 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE: FOODLABS TEL. TWINING 4.0000 


FOOD CHEMISTS 
RESEARCH 

Challenging positions exist in the field 
of Food Chemistry and Food Tech- 
nology for men with M.S. and Ph.D. 
degrees and research experience in this 
field. These positions offer an oppor- 
tunity to use your initiative and cre- 
ative ability on programs in proteins 
and carbohydrates. 

Excellent employee benefits, including 
tuition-free graduate study and liberal 
vacation policy. Please send complete 
resume to: 

E. P. BLOCH 
Armour Research Foundation 
Illinois Institute of Technology 
10 West 35th Street 
Chicago 16, Illinois 


LaWALL & HARRISSON 
LABORATORY 
SERVICES for the 


FOOD & DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies, 
Chemical 


Div. F, 1921 Walnut St., Philadelphia 3, Pa. - LO 3-4322 


FOOD TECHNOLOGIST—A leading 
citrus product manufacturer in Florida 
seeks a Food Technologist for the Re- 
search & Development Division. Appli- 
cants must have good technical back- 
ground and creative ability. Submit 
resumé to BOX 715, Institute of Food 
Techr Jlogists, 176 W. Adams St., Chi- 
cago 3, Ill. 


Seeking responsible management posi- 
tion—graduate Food Technologist, 18 
yrs. experience as project leader in 
research, development, and production 
of canned foods, salad dressings, jel- 
lies, etc. Present head of food lab 
conducting gamma irradiation studies 
in food preservation and deinfesta- 
tion. Application of ultrasonic energy 
to food engineering. REPLY BOX 
730, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, Ill. 


WANTED: Technologist for Product 
Development and Control in prepared 
Cake Mixes. Established firm offers 
excellent opportunity to energetic 
young man. Salary commensurate with 
ability. Send complete resumé to BOX 
724, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, Ill. 


AVAILABLE: Graduate Food Tech- 
nologist, age 25, married, service com- 
pleted, present location—Calif. Prac- 
tical experience—Quality Control in 
frozen foods, canning and beverage 
industries. Have supervisory experi- 
ence. Will locate anywhere—willing 
to travel. REPLY BOX 725, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 
Gladys Hunting (Consultant) 
Drake Personnel, Inc. 

The Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, IIl. 


POSITION WANTED: Tech. Sales/ 
Mkt. Development. B.S., 13 years 
Sales, Market Development, Market 
Research and Sales Administration ex- 
perience. Good knowledge food field 
plus drug, cosmetic, detergent, chen- 
ical specialties and related industries. 
Interested responsible position utiliz- 
ing this background. Employed, avail- 
able reasonable notice. REPLY BOX 
694, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, IIL. 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leadi laboratory and technical service 
to the food and beverage industries. 

We offer thorough, expert advice on food 
problems of ali types, analyses, fiavor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 


SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 
Phone- MO 4-1100 Cable: Swoknip 


WANTED: FOOD TECHNOLOGIST 
— Analyst, for large Mid-Atlantic 
packer. Control analyses, plant devel- 
opment projects. Previous meat plant 
laboratory experience preferred. RE- 
PLY BOX 732, Institute of Food 
Technologists, 176 W. Adams St., Chi- 
cago 3, Ill. 


COMPLETE SERVICE... 
for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 
SCIENTIFIC ASSOCIATES 
755 Forest Park Avenue 


SPICE SALESMAN 


Large Midwestern food processor has 
a position in its organization for a 
salesman with experience in the spice 
or flavor field and/or established clien- 
tele. Salary negotiable in the five fig- 
ure bracket commensurate with experi- 
ence. Age up to 45. Excellent career 
opportunity for the right man. Excep- 
tional employee benefit policies. All 
replies acknowledged confidentially. 
REPLY BOX 727, Institute of Food 
Technologists, 176 W. Adams St., Chi- 


3 
St. Lowis 8, Mo. JE. 1-5922 


cago 3, Ill. 


FOOD TECHNOLOGIST 


Food Technologist with minimum of 
two years experience in meat, cheese 
or poultry fields to work on existing 
and new applications of flexible plastic 
packaging. 
Plant located in Cedar Rapids, Iowa. 
Will do laboratory and field develop- 
ment work. Must be willing to travel 
and relocate. Send complete resumé to: 

W. R. GRACE & CO. 

Cryovac Division 
Cedar Rapids, Iowa 
Attn: Personnel Mgr. 
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basic source for CITRIC ACID, USP. 


flere is an unusually pure citric acid produced in the Midwest 
by Miles Chemical Company’s unique deep fermentation pro- 


cess. Ready for immediate shipment in truck-load quantities. 


FE. years Miles has produced a considerable of citric acid, U.S.P. for the open market. It's 
volume of citric acid mainly for its own use in ready for shipment when and where you need it. 
pharmaceuticals. A unique deep fermentation Our plant is centrally located...a convenient 
process, pioneered by Miles, yields a product producing point with excellent transportation 
remarkably free from contamination and meets routes in all directions. 


Miles’ most strict purity and mesh specifications. 
Write for full details. A Miles Chemical rep- 


This deep fermentation capacity has been ex- resentative will be happy to discuss your require- 
panded to provide a reliable, large volume supply ments at your request. 


Miles Chemical Company 
division of Miles Laboratories, Inc. 
Elkhart, Indiana 
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There may never be, from an Apple tree, truer Apple Flavor than Norda’s. 


Test the taste of Norda Apple against even Nature’s. It is, and always will be, 
a product of skill, research, quality, and very great pride in product. 


Flavor it with a Favorite—from 


Free Samples, if you'll ask on your business letterhead 
WORDA, 601 W. 26 St, New York 1,N. ¥. Chicago Los Angeles - San Francisco - Toronto Montreal: Havana “London - Paris Grasse 
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